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THIRD  ONTARIO  INDUSTRIAL  WASTE  CONFERENCE 


This  brochure  contains  the  papers  presented  at  the  Third 
Ontario  Industrial  Waste  Conference  held  at  Delawana  Inn,  Honey 
Harbour,  Ontario,  on  June  the  10th,  11th,  12th  and  13th,  1956.  The 
Conference  was  sponsored  by  the  Pollution  Control  Board  of  Ontario, 
the  purpose  being  to  focus  attention  on  industrial  wastes. and  to 
determine  means  for  treatment  of  these  wastes.  The  papers  are  printad 
in  the  order  in  which  they  appeared  on  the  program. 

These  Industrial  Waste  Conferences,  the  first  of  which  was  held 
in  1954,  are  intended  to  deal  with  one  aspect  of  the  pollution  problem. 
Industrial  growth  in  Ontario  has  been  proceeding  rapidly  in  recent 
years,  This  involves  wastes  of  many  kinds  and  of  a  complex  nature, 
Some  of  these  are  very  difficult  to  treat,  and,  since  they  are 
changing  continuously  with  the  changes  in  industrial  process.ing,  it 
is  important  that  measures  be  available  to  control  these  wastes  and 
thereby  to  prevent  pollution  of  streams  and  other  watercourses.  The 
hope  of  these  Conferences  Is  that  there  will  be  clarification  of  the 
methods  best  designed  to  treat  the  wastes  and  that  there  will  be  an 
exchange  of  information  among  industry.,  municipalities  and  all  engaged 
in  these  activities.  Publication  of  the  papers  given  at  the  Conference 
is  done  for  the  purpose  of  making  the  information  available  to  as 
large  a  number  of  persons  as  possible.  This  information  can  be  used 
freely  by  anyone  who  wishes  to  make  use  of  it. 

The  Pollution  Control  3oard  is  concerned  with  both  industrial 
pollution  and  domestic  sewage.  Both  are  significant  items  in  the 
pollution  of  watercourse*,  and  it  is  equally  Important  that  each  be 
dealt  with  in  an  efficient  manner  if  pollution  of  streams  is  to  be 
kept  in  check,   Sewage  treatment  varies  to  a  lesser  degree  than  does 
industrial  waste.  No  particular  emphasis  is  given  in  this  Conference 
to  methods  for  dealing  with  sewage. 

The  Pollution  Control  Board  consists  of  members  from  those 
Departments  of  the  Provincial  Government  interested  in  or  having 
obligations  in  respect  to  pollution  control.  Joint  action  by  members 
of  the  Board  makes  it  possible  to  co-ordinate  efforts  for  pollution 
abatement.  Some  Departments  are  concerned  with  certain  aspects  of 
pollution  while  others  are  involved  in  other  effects  on  stream.  It  is 
necessary  that  these  be  co-ordinated  if  the  watercourses  of  the 
Province  are  to  be  maintained  in  a  condition  that  they  may  serve  best 
the  purposes  for  which  they  were  intended. 


The  Follution  Control  Board  is  grateful  to  all 
those  who  have  contributed  papers  to  the  Third  Industrial 
Waste  Conference  and  to  those  who  have  assisted  in  any 
way  in  making  this  Conference  possible. 

For  further  information  write  to  The  Pollution  Control 
Board,  later  called  "Water  and  Pollution  Advisory  Committee" 
of  the  Ontario  Water  Resources  Commission,  Parliament 
Buildings,  Toronto, 


D,S.  Caverly,  Secretary.  A.E,  Berry,  Chairman, 
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ETHYL  ALCOHOL  FROM  SULFITE  WASTE  LIQUOR 
A.  R.  Kiive 
Works  Manager  -  Commercial  Alcohola  Limited 
Gatineau,  Que. 


Although  the  production  of  ethyl  alcohol  by  fermentation  of 
"he  sugare  present  in  the  sulfite  waste  liquor  from  wood  pulp  mills  is 
not  a  new  process,  there  are  only  three  sulfite  or  cellulose  alcohol 
plants  operating  in  North  America.   One  is  located  in  the  United  States 
and  two  in  Canada.   However,  considerable  quantities  of  alcohol  have 
oeen  produced  during  the  past  50  years  in  plants  located  in  Europe, 
This  paper  will  describe  in  some  detail  one  of  the  largest  and  most 
aodern  of  the  cellulose  alcohol  plants. 

The  plant  is  owned  and  operated  by  Commercial  Alcohols  Limit- 
ed, an  affiliate  of  the  Canadian  International  Paper  Company  and  is 
located  adjacent  to  C.I, P.' a  large  pulp  and  newsprint  mill  at  Gatineau 
Quebec.   All  of  the  paper  mill's  recoverable  sulfite  waste  liquor 
totalling  5  to  6  million  gallons  per  week,  is  utilized  bv  the  alcohol 
plant.   Steam,  water  and  electric  power  are  also  obtained  from  the 
paper  mill. 

The  process  can  be  divided  conveniently  into  three  basic 
operations:- 

(1)  Preparation  of  the  sulfite  waste  liquor  for  fermentation. 

(2)  Fermentation  of  the  sulfite  waste  liquor. 

(3)  Recovery  and  purification  of  the  alcohol  produced. 

OPERATION  I  -  Preparation  of  the  Sulfite  Waste  Liquor 
for  Fermentation. 

«■  •    v.  ?! J,uli'ite  waste  lla-uor  as  received  from  the  paoer  mill  con- 
tains about  10*  solids,  of  which  15  to  20£  are  reducing  sugars  that  are 
formed  by  hydrolysis  of  the  hemlcellulosee  in  the  pulp  wood  durin^  the 
digester  cooking  operation.  Approximately  7Q£  of  these  sugars  are  fer- 
mentable or  hexose  sugare,  principally  rnannose  and  glucose. 

The  liquor  from  the  paper  mill  is  received  hot  at  about  150°F. 
and  enters  the  first  of  seven  wooden  storage  tnnka  connected  in  series, 
xhe  liquor  flows  oy  gravity  through  each  of  the  tanks  and  is  finally 
pumped  from  the  last  tank  into  the  alcohol  plant.   The  seven  tanks  hav- 
ing a  total  capacity  of  900,000  gallons,  or  about  one  dav's  production 

?LS^o^VaSte  H?U°r'  ?rovl(i3  sufficient  liquor  storage  to  operate 
the  distillery  continuously  even  though  the  paoer  mill  is  shut  down  for 
one  day  each  week.   The  liquor  remains  hot,  and  therefore  sterile  dur- 
ing its  passage  through  the  storage  tanks,  thus  minimizing  the  possibi- 
lity of  contamination  of  the  fermentation  system  by  wild  yeasts,  moulds 
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Preparation  01'  the  sulfite  waste  liquor  for  fermentation  con- 
sists essentially  of  cooling  and  neutralizing  the  liquor  to  the  proper 
conditions  for  optimum  fermentation  efficiency. 

The  liquor,  which  is  pumped  continuously  from  the  final  stor- 
age tank,  is  cooled  with  water  in  a  bank  of  p6  tube-in-sholl  heat  ex- 
changers^  The  final  liquor  temperature  is  controlled  automatically  to 
about  SS  F, ,  the  optimum  level  for  fermentation.   The  resulting  hot 
water  leaving  the  heat  exchangers  is  used  as  boiler  feed  water  by  the 
paper  mill.   The  heat  exchangers  transfer  about  20  to  25  million  btu/hr 
and  can  handle  up  to  ^0,000  gpb.  of  sulfite  waste  liquor. 

The  sulfite  waste  liquor  flows  from  the  coolers  through  a 
3,000-gallon  reaction  vessel' where  the  pH  is  raised  from  2.5  to  about 
4, 7  by  the  continuous  addition  of  a  1$$. lime  slurry.   The  reactor  is 
divided  by  means  of  baffles  into  three  compartments,  each  provided  with 
a  turbine  type  agitator.   The  liquor  and  the  lime  slurry  are  fed  in  at 
the  top  of  the  vessel,  are  intimately  mixed,  and  flow  out  through  the 
bottom.   The  flow  of  the  lime  slurry  ie  regulated  automatically  by  a  con- 
tinously  controlling  and  recording  pH  meter.   With  this  system,  the  pH 
in  the  fermenters  is  controlled  to  within  plus  or  minus  0.05  of  a  unit, 

The  lime  slurry  is  prepared  and  stored  in  two  6,OCO-gollon 
tanks,  one  tank  being  used  while' the  other  is  recharged.   Pulverized  hy- 
drated  lime  (325  mesh)  is  stored  in  a  120-ton  capacity  hopper,  and  is 
conveyed  to  the  tanks  through  a  rotary  bin  valve  and  screw  conveyor.   Re- 
charging of  a  tank  is  accomplished  automatically  from  a  central  control 
panel.   The  tanks  are  instrumented  completely  ao  that  once  the  charging 
system  is  actuated  the  correct  amounts  of  water  and  lime  are  added  in  the 
proper  sequence  and  the  system  then  shuts  off. 

The  hydrated  lime  is  received  in  .railway  box  cars  and  is  trans- 
ferred to  the  storage  hopper  by  a.  pneumatic  conveying  system.   A  freight 
car  holding  3°-35  tons  of  lime  can  be  emptied  by  this  system  in  about 
six  hours  by  one  man.  Approximately  20  pounds  of  hydrated  lime  are  re- 
quired for  every  1000  gallons  of  sulfite  waste  liquor  processed. 

OPERATION  II  -  Fermentation  of  the  Sulfite  Waste  Liquor 

The  cooled  and  neutralized  'liquor  leaving  the  reactor  flows 
through  ^0-mesh  screens,  which  remove  any  coarse,  solids  such  as  pulp  or 
particles  of  unreacted  lime,  and  then  into  the  first. of  seven  fermenters. 

Fermentation  is  carried  on.  continuously  under  anaerobic  condi- 
tions in  seven  100,000  gallon  closed  wooden  formcnter  tanks  connected  in 
series, 
each  of 
to  prov 


14       DWVWK       J.ww  ,  www      s^  o  J- -L  w  i  i       IjAUOCU       muUUOIJ      iUIIJJl-lll/CI  UCJLfllva       VUllllC^L'ia      J. 

The  fermenting  liquor  flows  by  gravity  through  the  fermenters, 
which  is  equipped  with  a  25-horseoower  propeller-type  agitator 
ide  a  rapid  and  efficient  fermentation.  , 


A  10$  slurry  of  yeast  is  fed  continuously  to  the  first  ferment- 
er.   The  yeast,  a  strain  of  Saccharomyces  cerevisiao  that  has  been  accli- 
mated to  a  sulfite  waste  liquor  environment,  is  obtained  by  centrifuging 
part  of  the  completely  fermented  liquor  or  beer  leaving  the  final  ferment- 
er.   The  balance  of  the  fermented  liquor,  along  with  the  partially 


clarified  beer  from  the  yeoat  separators,  flows  to  a  100,000  gallon 
wooden  beer  well.  The  hold-up  time  in  the  f ermentera r  or  the' effective 
fermentation  time,  varies  from  16  to  21  hours,  depending  on  the  proces- 
sing rate.   Fermentation  is  essentially  IOCS  comolete  at  the  end  of  the 
cycle,  with  about  SO  -  &$%   of  the  fermentation  taking  place  in  the  first 
two  feriaentere.  A  small  amount  of  a  20;i  aqueous  ammonia  solution  is  fee? 
continuously  to  the  first  fermenter  to  supply  sufficient  nitrogen  to 
maintain  an  adequate  and  healthy  yeast  population.   Py-oroduct*  carbon 
dioxide  gas  is  recovered  from  the  first  two  f era enters  and  is  used  as  a 
prime  raw  material  in  an  adjacent  plant  where  &5%   Magnesia  Insulation  is 
manufactured. 

The  beer,  which  contains  about  0.SJ6  alcohol  by  volume  is 
pumped  from  the  beer  well  to  the  distillation  unit. 

OPERATION  III  -  Recovery  and  Purification  of  the  Alcohol  Produced 

The  alcohol  is  stripped  from  the  beer,  purified  and  rectified 
in  a  five  column  distillation  unit  capable  of  processing  uo  to  iJ-G  000 
gph  of  beer  and  producing  450  gph  of  alcohol,  of  which  over  $$%   is  high 
purity  cologne  spirits.   Because  of  the  relatively  low  concentration  of 
alcohol  in  the  beer  (molasses  end  grain  beers  average  6  -  9#) ,  steam  cor- 
sumotion  and  heat  economy  are  important  economic  factors  in  the  distilla- 
tion operation.   Consequently,  the  unit  has  been  designed  to  obtain  as 
high  a  thermal  efficiency  as  possible.   In  addition,  features  have  been 
incorporated  in  the  distillation  unit  to  males  oosslble  the  oroduction  of 
high  quality  cologne  spirits. 

The  five  columns  in  the  unit  are  (1)  an  atmospheric  beer  still 
or  stripping  column,  (2)  a  purifying  column,  (3)  a  vacuum  rectifying 
column,  (4;  a  vacuum  "heads"  column,  and  (5)  a  vacuum  "tails"  column. 

The  beer  still  is  126  inches  in  diameter,  55  feet  high  and 
operates  at  atmospheric  pressure.   Beer  from  the  beer  well  is  fed  contin- 
uously to  the  beer  still,  after  being  pre-heated  in  heat  exchangers  with 
tne  hot  stillage  discharged  from  the  base  of  the  column.   Direct  low- 
pressure  steam  enters  the  bottom  of  the  column  and  the  strlooed  alcoholic 
vapors  and  other  volatile  materials  are  drawn  from  the  top.   Stillage 
containing  the  non-volatile  portion  of  the  beer  (lignosulf onetes  non- 
fermentable  sugars,  and  some  dead  yeasc)  is  pumped  continuously  from  the 
base,  through  the  beer  pre-heeters,  and  is  discharged. 

4     **m  ,Th!  5eat  contained  In  the  vapors  leaving  the  top  of  the  column 
is  sufficient  to  operate  the  rectifying  column  and  the  heads  and  tails 
columns,  with  the  only  additional  steam  required  being  that  used  in  the 
ejectors  which  maintain  vacuums  on  the  three  columns.   A  part  of  the 
vapors  is  condensed  in  the  calandrias  of  thJ  heads  and  tails  columns:  the 
remainder  is  condensed  in  a  vacuum  steam  generator  which  provides  suffic- 
ient steam  (at  aoout  15  inches  Kg  vacuum)  to  ooerate  the  rectifying  column 
The  condensate,  or  high  wine,  from  the  two  calandrias  and  the  vacuum 
steam  generator  is  collected  in  a  2,000-gallon  drum  from  which  it  is  fed 
to  the  purifying  column.   The  high  wine  contains  aoout  12  to  \k$>   alcohol. 

The  purifying  still  is  a  43-ineh  diameter  hydroselectlon  column 
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6C  feet  high.   The  feud,  preheated  by  the  baso  discharge  in  tube-in-shell 
heat  exchangers,  enters  at  mid-column' and  direct  steam  Is  fed  to  the  base 
The  feed  rate  Is  controlled,  automatically  by  the  level  in  the  bssr  still 
condensate  drum.   The  heads,  consisting  mainly  of  volatile  aldehydes, 
higher  alcohols,  "wood  oils",  volatile  sulfur  compounds,  sulfur  dioxide 
and  some  alcohol,  are  condensed  in  a  steam  generator  wnich  produces  a 
small  portion  of  the  steam  that  is  used  In  the  beer  still.   The  non- 
condensibles,.  chiefly  sulfur  dioxide,  are  vented  to  the  atmosphere.   Part 
of  the  condensate  is  returned  to  the  top  plate  of  the  column  as  reflux; 
the  remainder  is.  removed  as  a  "heads"  fraction.   The  base  discharge,  con- 
taining approximately  12$   alcohol,  provides  the  feed  for  the  rectifying 
column. 

The  purifying  column  functions  both  as  an  extractive  distilla- 
tion column,  with  water  es    the  extracting  agent,  and  as  a.  reaction  vessel 
Hot  dilution  water  is  fed  to  the  too  plate  of  the  column  along  with  the 
reflux  to  effect  the  extractive  distillation  of  the  alcohol-soluble  im- 
purities.  The  high  temperature  and  pressure  In  the  column  cause  certain 
chemical  reactions  to  take  place  which  convert  impurities,  normally  dif- 
ficult to  separate  by  ordinary  distillation,  to  non-volatile  polymerized 
substances  that  remain  in  the  base  discharge.   These  substances  are  elim- 
inated In  the  subsequent  rectification.   The  base  draw  from  the  purifying 
column,  after  passing  through  the  purifying  column  feed  preheaters,  is 
cooled  with  water  to  the  feed  plate  temoerature  of  the  vacuum  rectifying 
column  in  a    tu'be-in-ahell  heat  exchanger.   The  cooled  iiigh  wine  is  fed 
into  the  102-inch  diameter  still  at  mid-column  at  a  rate"  that  is  control- 
led by  the  base  level  in  the  purifying  column.   The  column  operates  at  a 
pressure  of  260  mm  Kg  and  is  heated  by  direct  steam  generated  in  the 
vacuum  steam  generator  used  to  condense  the  beer  still  vsoors.   All  the 
non-volatile  material  in  the  high  wine  feed  is  contained  in  the  stillsge 
that  is  pumped  from  tho  base  of  the  column, 

The  product  is  withdrawn  from  the  upper  part  of  the  column  at  b 
strength  of  approximately  973S  alcohol  by  volume.  The  rats  of  draw-off  is 
controlled  automatically  by  the  preset  mid-column  temperature. 

The  overhead  vaoors,  which  contain  a  high  concentration  of 
volatile  impurities,  are  condensed  in  a  tube-in-shell  condenser.   Part 
01  this  condensed  heads  draw  Is  returned  to  the  top  plate  as  reflux;  the 
remainder  is  returned  to  the  beer  still  condensate  drum. 

The  higher  alcohols  or  fusel  oil,  along  with  some  "wood  oils1', 
accumulate  on  the  mid-column  plates  and  are  drawn  off  as  a  side  cut. 
This  fusel  oil  draw  is  pumped  continuously  to  a  decanter  where  the  alco- 
hol-soluble but  water-immiscible  oils  are  separated  from  the  ethanol  in 
the  draw  by  dilution  with  water.   The  fusel  oil,  which  is  lighter  than 
water,  and  the  wood  oils,  which  are  heavier  than  water,  separate  out  as 
top  and  bottom  layers  respectively  and  are  drawn  off.   The  dilute  alcohol, 
middle  layer  is  returned  to  the  beer  still  condensate  drum. 

The  product  from  the  rectifying  column,  while  being  a  high 
strength  alcohol  suitable  for  most  denatured  grades,  still  contains  some 
impurities,  the  chief  one  being  methanol.   This  methanol  originates  in 
the  digesters  at  the  papor  mill,  having  been  formed  during  the  cooking 
process  from  the  methoxyl  groups  in  both  the  llgnln  and  hemi cellulose i 
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in  the  pulp  wood,  and  is  present,  therefore,  in  the  sulfite  waste  liquor 
produced.   The  methanol,  along  with  small  amounts  of  volatile  impurities 
is  removed  from  the  ethanol  in  the  heads  column.   The  ^S-inch  diameter 
heads  column  and  the  54-inch  diameter  tails  column  are  each  SO  feet  high 
and  operate  at  about  200  mm  Hg  vacuum.   They  botn  are  heated  Indirectly 
each°oolSSnnS  8°me    th°  ^^  Stl11  vapors  ln  a  oalandria  in  the  base  of 

*  #  +Jht   P?oduct:  from  the  rectifying  column  is  fed  into  the  upper 
part  of  the  heads  column.   The  methanol  in  the  feed,  having  a  lower  boil- 
ing point  tnan  ethanol,  is  concentrated  in  the  overhead  vapors  alona;  with 
the  remaining  volatile  impurities  such  as  aldehydes,  and  is  removed  in 
the  heads  draw  as  an  anhydrous  methanol-ethanol  mixture.   This  draw  is 
controlled  automatically  by  the  preset  temperature  at  the  top  of  the 

C£^Umn;.u  Part  of  thc  headB  draw  l3  returned  to  the  top  olate'as  reflux 
while  the  remainder  Is  stored  for  use  as  a  donaturant ' or  for  sale  as  a 
solvent . 

The  base  discharge  from  the  heads  column  is  at  about  the  same 
alcohol  strength  as  the  feed  to  the  column  but  now  contains  no  methanol. 
The  heads  column  product  is  fed  to  the  tails  column  for  the  final  purifi- 
cation step,  the  rate  of  feed  being  controlled  automatically  by  the  base 
level  in  the  heads  column. 

BW.wi,    TJe  5efd  enters  the  final  still  below  mid-column  and  the  cologne 
spirits  product  is  withdrawn  under  automatic  control.   Any  last  traces  of 
volatile  impurities  that  might  be  present  ln  the  feed  to  the  column  are  ' 
concentrated  in  the  overhead  vapors  which  are  condensed  in  a  tube-ln-shel ■ 
condenser.   Part  of  the  condensate  is  returned  to  the  top  plate  as  reflux"" 
and  the  remainder  is  sent  to  the  beer  still  condensate  drum  for  recycling, 
Any  remaining  higher  boiling  impurities,  such  as  higher  alcohols  and  cer- 
tain esters   are  concentrated  In  the  base  and  are  removed  as  a  tails  draw 

?2«n?!Srf  * for«e®  as  a  denatured  grade  product.   The  draw  rate  is  con- 
trolled automatically  oy   the  base  level. 

„mA   ^    ?he  methanol  draw,  the  alcohol  draw  for  denatured  grade  product 
and  the  cologne  spirits  draw  are  collected  in  separate  closed  receivers   ' 
in  accordance  with  the  Government  Excise  regulations.   From  the  receivers 
J„  iVari°U3.prodaCts*  after  havlnS  been  approved  for  quality  bv  the  con-  ' 
Jf?l  n???reL°ry'/^  Wel^h0d  and  ^sted  in  the  presence  of  Government  Ex- 
cise Officers  and  then  pumped  to  storage. 

Process  and  Quality  Control 

a+*   i   i   inn0r?fr  !°  maintaln  continuous  production  of  a  high  quality 
ethyl  alcohol,  the  distillery  is  instrumented  as  comoletely  and  thorough- 
ly as  is  practical.   Nearly  all  the  instruments  are  operated  pneumatical- 
ly and  are  located  at  three  control  stations:   one  station  in  the  sulfite 
«S™ eo^quo^oollng  and  neutralizing  area,  another  ln  the  fermentation 

fp   ,  J?iJ?,Jn  th?  filiation  a^a.   3y  mmnB   of  thoau  lnstruments 
operators  per  ahif?7  UP'  operated  and  ehut  do™  ^   ^ly  three 

While  the  continuous  operation  and  extensive  instrumentation 
insures  relatively  uniform  product  quality,  the  intermittent  batch 
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operation  of  the ■  digesters1' at  the  mill  tends  toward  variations' in  the 
sulfite  waste  liquor  composition  fro:..;  cook  to  cook.   In  addition,  changes 
are  made  in  the  grade  of  pulp  produced,  the  type  of  wood  used,  and  the 
cooking  conditions.   These  variables-  affect  the  percent  of  solids,  sugar*:., 
free  and  combined  sulfur  dioxide,  methanol,  and  calcium  sulfate  present 
in  the  liquor. 

To  minimize  the  effect  of  these  variations,  the  quality  control 
laboratory  carries  out  routine  chemical  and  physical  analyses  on  the  vari- 
ous process  streams  in  the  alcohol  plant.  The  results  of  these  analyses 
are  used  to- determine  the  optimum  operating  conditions  for  the  liquor 
being  procsssad.   Yeast  cell  count  end  viability  tests  are  performed 
regularly  to  insure  maximum- fermentation- efficiency.  Routine  bacteriol- 
ogical teste  are  also  carried  out  on  the  liquor  at  various  stages  in  the 
process  to  guard  against  bacterial  contamination  of  the  fermentation 
system. 

In  addition  to  these  analyses  each  receiver  of  the  final  ethyl 
alcohol  product  is  tested  for  product  quality  before  being  put  into  stor- 
age.  An  alcohol  receiver  that  does  not  meet  the  Company  specifications 
for  cologne  spirits,  which  are  more  rigid  than  both  the  U.S.  and  British 
Pharmacopoeia  specifications,  is  out  into  storage  for  denatured  grade 
alcohol. 

Depending  on  the  sugar  content  of  the  sulfite  waste  liquor,  a 
total  of  2.5  to  3  million  gallons  of  alcohol  can  be  produced  annuallv,  of 
which  about  &yp   is  high  quality  cologne  spirits. 

Production  of  &^%   Magnesia  Insulation 

About  2.5-3  million  board  feet  of  flgf  Magnesia  Insulation  are 
produced  annually  for  Canadian  Johns-Manvllle  in  an  adjacent  plant.   Thie 
plant  utilizes  some  of  the  150  -  190  million  cubic  feet  of  by-product 
carbon  dioxide  produced  annually  by  the  distillery.   It  is  interesting  to 
note  that  about  30*6  of  the  weight  of  the  final  product  is  provided  by' th;  \ 
carbon  dioxide. 

In  this  process  the  fermenter  gases  from  the  first  two  ferment- 
ers,  where  about  SO   -  85$  of  the  fermentation  takes  place,  are  pumped 
directly  to  a  3,500-gallon  continuous  carbonator  in  the  magnesia  plant. 
The  carbonator  Is  charged  continuously  with  water,  a  solution  of  magnesium 
bicarbonate,  and  finely  pulverized  magnesium  hydroxide.   The  bicarbonate 
and  hydroxide  react  to  form  magnesium  normal  carbonate  crystals,  and  the 
fermenter  gases,  containing  about  ^j%   carbon  dioxide,  are  dispersed  in 
the  carbonator  by  a  high  speed  agitator  to  maintain  the  required  bicarbon- 
ate concentration.   The  dilute  suspension  of  magnesium  normal  carbonate 
crystals  overflows  continuously  to  an  Oliver  vacuum  filter  where  the 
crystals  are  concentrated  and  put  Into  storage  as  a  20>i-  slurry.   The  fil- 
trate, which  contains  magnesium  bicarbonate,  is  returned  to  the  carbonate 
To  control  the  cerbonation  rate,  a  constant  bicarbonate  concentration  is 
maintained  in  the  carbonator  by  adjusting  the  feed  rates  of  the  hydroxide 
and  make-up  water. 

To  make  the  molding  slurry,  the  20>  suspension  of  magnesium 
normal  carbonate  crystals  is  blended  with  asbestos  fibre  in  l+00-gallon 
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batches.   The  asbestos  is  added  as  a  temperature-resistant  binder  to  crlw- 
added  strength  to  the  final  product. 

Just  prior  to  molding,  the  carbonate-fibre  slurry  is  diluted 
with  hot  vater  which  partially  converts  the  magnesium  normal  carbonate 
crystals  to  magnesium  basic  carbonate.   This  reaction  tf»kea  from  eight  t- 
ten  minutes,  after  which  tha  slurry  is  molded  into  insulation. 

Two  raolders  of  the  reciprocating  filter  press  type,  designed  b' 
Johns-Manville,  and  capable  of  molding  three-foot  lengths  of  pipe  cover-" 
ing  or  block  Insulation  of  various  sizes  and  thicknesses,  are  required 
for  present  production.   A  metered  charge  of  dilute  magnesium  basic  car- 
bonate and  asbestos  fibre  is  dumped  into  the  mold  box  which  rests  on  one 
of  two  reciprocating  pallets  covered  by  wire  mesh.  A  ram,  to  which  is 
attached  a  perforated  steel  molding  head  also  covered  with  wire  mesh, 
descends  into  the  mold  box  and  the  excess  water  is  pressed  out  of  the 
slurry.   The  plastic-like  residue  of  magnesium  basic  carbonnte  and  asbes- 
tos fibre  takes  the  shape  of  the  space  between  the  pallet,  the  molding 
head  and  the  mold  box  sides. 

After  a  piece  has  been  molded,  the  ram  and  the  mold  box  rise, 
the  pallet  with  the  freshly  molded  piece  swings  from  under  the  mold  box 
and  the  empty  pallet  moves  into  position.   Then  the  piece  is  removed  from 
the  pallet,  placed  on  a  curing  table,  and  later  Disced  in  a  drying  car. 
While  this  is  taking  place  the  mold  box  descends,  a  fresh  charge  Is  met- 
ered into  the  box,  and  the  molding  cycle  is  reported. 

The  molders  are  hydreulically  operated,  and  the  molding  sequen.-v 
is  controlled  automatically  by  a  series  of  electrically  driven  adjustable 
cams  that  open  and  close  the  various  valves  in  the  hydraulic  system, 
either  directly  or  by  triggering  solenoid  valves.   Sach  raolder  is  operat- 
ed Independently  through  its  individual  control  system. 

The  molded  insulation  is  dried  for  about  2k   hours  in  forced-si---' 
tunnel-driers  at  about  3CO-3Uq°F.   The  dried  blocks  are  removed  from  the 
drier  cars,  inspected  and  packed  in  cartons  for  shipment.   The  dried  plpe 
coverlng,  made  in  half  sections,  must  be  trimmed  bo  that  the  two  pieces" 
are  inspected,  made  into  whole  sections  by  wrapping  with  cotton  cloth 
and  packed  in  cartons  for  shipment. 
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SULPHITE  LIQUOR  PRODUCTS 
J.  K.  Russell 
Ajst.  General  Manager,  Llgnosol  Chemicals  Ltd. 

Quebec  City 


The  various  processes  for  the  production  of  what  are  termed 
Qhettloal  pulps  are  in  essence  treatments  which  free  the  fibrous  cellu- 
lose from  the  Ilgnin  or  cementing  material  which  holds  the  fibres  to- 
gether.  There  are  n   number  of  these  processes,  the  moot  important 
economically  being  the  sulphate  or  kraft  orocess  and  the  sulphite  pro- 
cess. 

In  the  sulphite  process  the  wood  in  form  of  chips  is  treated 
with  an  aqueous  solution  of  calcium  bisulphite  which  contains  a  con- 
siderable amount  of  excess  or  uncombtned  sulphur  dioxide.   The  treat- 
ment is  carried  out  as  a  batch  process  at  a'  temperature  of  about  1^0°C. 
and  pressures  of  80-90  pounds.  At  the  completion  of  the  treatment 
generally  $   to  10  hours,  the  Itgnln,  now  in  form  of  an  aqueous  solution 
Is  separateo.  from  the  fibrous  wood  pulp  and  normally  rejected  to  the 
sewer. 

In  its  natural  state  llcnln  Is  a  colourless  or  light  straw 
coloured  amorphous  solid,  insoluble  in  water  or  organic  solvents.   Its 
constitution  is  still  not  satisfactorily  established  in  eolte  of  exten- 
sive investigation  but  there  is  now  substantial  agreement  that  the 
fundamental  unit  is  i  benzene  nucleus  with  an  alpbatic,  probably  a 
propyl  side  chain  with  several  hydroxyl  and  mathoxyl  units  distributed 
between  the  side  chain  and  nucleus.   During  the  digestion  of  the  wood 
one  or  at  most  two  sulphonic  groups  are  added  probably  on  the  side 
chain,  giving  rise  to  a  material  which  is  generally  referred  to  as  llg- 
nosulphonlc  acid.   Ligno3ulphpnic  acid  cannot,  however,  be  considered  a 
single  compound.   As  normally  obtained  both  the' degree  of  sulphonation 
and  the  molecular  weight  will  vary  widely. 

Lignin  sulphonates  account  for  about  ~(Q%   of  the  total  solids 
in  the  spent  liquor.   The  balance  is  made  up  of  sugars,  monosaccharides 
both  pentoses  and  haxoses  and  oolysaccharides  with  smaller  amounts  of 
Inorganic  constituents,  sulphates  and  sulphites  of  the  cation,  general- 
ly calcium,  present  in  cooking  liquor. 

For  convenience  the  products  obtained  from  sulphite  liquor  ma- 
be  divided  into  throe  categories  -  (1)  those  obtained  from  the  sugar 
fraction  through  microbiological  processes,  ("i)    those  which  are  deoend- 
ent  on  the  properties  of  the  sulphite  liquor  modified  or  unmodified  and 
(3)  those  obtained  from  the  llgnosulphonate  fraction  by  chemical  con- 
version. 

Fermentation  Products 

The  relatively  high  proportion  of  sugars  in  the  liquor  had 
early  suggested  that  it  might  provide  a  suitable  raw  material  for  a 
fermentation  process  for  the  production  of  ethyl  alcohol.  Hexoses 
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which  ere  suitable  nutrients  for  alcohol  producing  yeasts  account  for 
about  bCJo  of  the  total,  sugar  content  and  may,   depending  on  conditions 

in  the  cooking  process,  be  present  in  amounts  uo  to  20  grams  per  liter. 
Ihe  process  prssents  no  serious  operating  problems.   Neutralization 
with  lime,  with  or  without  previous  steam  stripping  is  necessary  in 
order  to  establish  suitable  pH  conditions  for  yeast  growth.   The  low 
concentration  of  alcohol  in  the  fermented  mash  gives  rise  to  high  heat 
consumption  in  recovery  and  it  is  probable  that" this  is  the  largest 
single  item  of  operating  cost. 

A  number  of  plants  were  established  as  early  as  the  first 
World  War  and  some  of  these  are  still  in  operation.   The  process  has 
been  attractive  in  Europe  especially  in  Scandenavia  where  the  use  of 
the  product  as  motor  fuel  has  been  favoured  because  of  the  lack  of 
domestic  sources  of  petroleum.   Two  plants  are  in  operation  in  Canada 
and  one  in  the  United  States.   It  is  probable  that  further  extension  of 
the  process  has  been  hindered  by  competition,  actual  or  potential,  from 
low  cost  alcohol  produced  from  by-product  ethylene. 

A  somewhat  more  recent  development  is  the  utilisation  of  the 
carbohydrate  fraction  for  the  growth  of  Torula  yeasts.   These  yeasts  * 
diifer  from  alcohol  producing  yeasts  in  that  they  can  ingest  pentoses 
as  well  as  hexoses  so  that  the  total  sugar  content  can  be  utilized  for 
their  nourishment.   The  process  was  established  in  Germany  during  the 
last  war  when  shortages  of  normal  orotsin  human  foodstuffs  fostered  the 
production  and  use  of  the  high  protein,  vitamin  rich  yeasts.   Their  use 
as  human  foodstuffs  has  now  lapsed  but  they  do  find  a  place  in  animal 
feedstuffs.   Their  chief  value  lies  in  their  high  vitamin  content.  "  As 
a  source  of  protein  they  cannot  comoete  with  materials  such  as  soya 
bean  meal  and  linseed  meal.   Consequently  it  would  not  be  exoected  that 
they  would  find  a  place  in  the  feeding  of  ruminants  and  other  stock 
which  can  produce  their  own  vitamins.   They  are  valuable  in  the  feeding 
of  poultry  ana  where  the  poultry  population  is  large  enough  it  might  be 
expected  that  they  would  find  a  profi table  market.   There'ls  one  plant 
in  the  United  States  producing  Torula  yeast  and  the  construction  of 
another  has  been  announced.   There  are  none  in  Canada. 

Vanillin 

i  <  u   4   u!n,li:Lin  is  the  only  8i^le   product,  apart  from  ethyl  alcohol 
wnich  is  obtained  in  a  state  of  high  purity  from  sulphite  liquor  and  Is 
the  only  product  which  is  produced  in  commercial  quantities  through 
chemical  conversion  of  the  lignin  fraction.   It  is  presumed  that  it  is 
produced  by  splitting  off  of  the  sulphonlc  group  with  subsequent  con- 
version of  the  propyl  side  chain  to  an  aldehyde  group.   It  may  be  ©re- 
duced by  alkaline  hydrolysis  or  by  mild  oxidation  in" an  alkaline  medium. 
oi  tne  lour  plants  now  known  to  be  in  operation  two  are  said  to  be  oro- 
ducing  through  hydrolysis  and  two  through  oxidation. 

The  principal,  in  fact  the  only  outlet  for  vanillin  at  the 
present  time  is  in  food  flavouring.   The  market  is  necessarily' very 
limited  and  is  governed  by  the  popularity  of  vanilla  flavouring   The 
use  of  vanillin  as  an  intermediate  in  industrial  synthesis  would  do 
!?^  J?  br?ad,en  th*  market.   This  has  been  given  considerable  attention 
and  attempts  have  been  made  to  produce  the  material  at  a  price  which 
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would  encourage  r;orj  general   uco.      One  manufacturer  is  now  offerina  r 
less  highly  purified  grade  at  a   lower  price.  oxiermg  a 

the  United^laLs^   ^  Plant3  producing  vanillin  in  Canada  and  two  in 
Adhesive  Uses 

early  suaJe'ted^tn*?*??6  ,.?!S*0?rl0M  PTOPrtlea  of  sulPh"e  liquor  have 
centred  solution  V?n™  ^  *?EVe  V£laaDle  adhesive  qualities.  A  con- 
o   r^,!v      i  i?     Gf  5°/J  80lids   or  mora  is  tacky  and  on  drvlne  it  tame 

a   tough  glassy  film,      m  view  of  these  propertied   it  might  is  sulloleT 

Jnf^J«°!fXJ  S6rVe  GS  a  gen3Pal  adl^ive  replacing   starch     d^t?in 

hs^e  not  been  fSfilS?11  glU8   in  J™*9*  of  USes'      Thes^   -pectaUons 
thl?       \!         luliilxed.      When  used  as   a  wet  adhesive,    it  has   been  found 

required  Kj   ^?  J*      taCk";   0a    ^derstood  in   the   adhesive    ?L  .d 

loss   in   strength      n   th o  T^JTV*  a   bond.      Equally   serious   is   the 

the  small  aS?  n?  2?!.?*!*  °0^  ^n  aglng'    P°88^ly  through  loss  of 
ine   small  amount  of  water  required  for  plesticizing  the  film. 


uses       ArnnL     ho"         S;aS  bee?  attalned  m  a  number  of  less  demanding 

Srick  whereat    ?n^rntlSn  mifM  "De  mada   of  a  blnder  for  refractory 
brick  SirS  tn   ^provea  ?rv  strength  and  facilitates  handling  of  the 
o-lletfni     f  ;,i        ng'     A  so?ewhat   similar  use  is   found   in  a  binder  for 
Rii!  n08         f     °  °re   coricentrates  and  iron  ores   for  the  prevention  of 
stack  losses   in  smelting.      Another  adhesive   use   is   in   the   ™enarat?nn  «f 

covnerinpsCefflLni  \ZtV^   IT™?*  °f   Unol«U»  tlL  enf  o\K       °"  °f 
w?v f  i?Sf "t-w,  thfse  uses   have  in  common  the  fact   that   a  weak  adhesive 

?nii!fiJ%   hS  re?ulred   bond   strength  and   that   the   value  of  the  oroducta 

cZ^eluLfit3 tvn0t   De7"  m?re   then  fl  minlDlu*  °Oft   for  the  adhesive 


Soil  Stabilization 


effect.   The  appearance  of  highways  which  have  been  treatad  ?«£  th» 

EHK^sras  yes  ;s,^*   rr    be 
art.  ss'sstt.'s  sssss  &us^rsa."s,^,*«! 
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indication  that  surface  active  properties,  either  through  a  decrease  in 
the  permeability  or  through  some  alteration  in  the  surface  properties  o:..' 
the  soil  particles,  are  of  paramount  importance. 

The  treatment  of  road  surfaces  with  sulphite  liquor  originated 
in  Sweden  where  dirt  and  gravelled  roada  in  the  vicinity  of  the  puln 
mills  were  treated  extensively  with  raw  dilute  liquor  obtained  directly 
from  the  mills.   More  recently  this  practice  has  been  taken  uo  in  the 
mid-west  United  States,  especially  in  Wisconsin.   Results  were  reported 
to  be  good  in  that  dust  nuisance  was  almost  entirely  eliminated  and  the 
general  durability  of  the  roada  improved.   Some  exoeriments  were  under- 
taken in  this  country,  in  the  Province  of  Quebec,  and  the  results  were 
.  in  agreement  with  Swedish  and  United  States  experience  insofar  as  almoa- 
complete  alleviation  of  the  dust  condition  was  achieved.   Some  difficult; 
arose,  however,  with  regard  to  maintenance  in  that  blading  of  the  road 
in  a  dry  condition  was  found  to  be  virtually  impossible.  *  The  result  wa^ 
that  serious  pot-holes  developed,  possibly  made  worse  by  the  hard  sur- 
face which  had  been  produced  on  the  road.   It  would  seem  likely  that 
these  difficulties  might  have  been  overcome  through  blading  when  the 
road  was  wet  but  this  solution  did  not  appeal  lo   road  maintenance  crews 
and  the  experiment  was  discontinued. 

While  results  in  the  treatment  of  secondary  roads  for  the  pre- 
vention of  dusting  have  not  been  encouraging  more  success  has  been  achi- 
eved in  the  stabilization  of  the  base  course  under  on  asphalt  wearing 
coat.   Application  Is  generally  made  at  the  rate  of  C.7  to  O.g  lbs. 
solids  per  square  yard  of  surface.   It  is  applied  as  a  2^   to  27%  solution 
after  the  placing  of  the  final  gravel  after  which  the  road  contours  are 
corrected  by  blading.   The  bearing  strength  of  the  gravel  course  is  noti- 
ceably improved  so  that  if  desired  less  gravel  may  be  used  or  alternat- 
ively a  thinner  wearing  coat  may  be  applied.   Tt  aieo  serves  as  a  primer 
to  promote  the  adhesion  of  the  asphalt  and  eliminate  a  special  treatment 
for  this  purpose.  At  the  same  time  an  acceptable  surface  and  eliminatia,:. 
of  dusting  is  provided  during  construction  and  a  considerable  saving  is 
achieved  through  decreasing  the  amount  of  correction  required  before  ap- 
plication of  the  wearing  coat.   It  is  believed  that  very  cood  results 
might  be  obtained  through  the  application  of  sulphite  liquor  with  the 
tempering  water  when  mechanical  consolidation  of' the  sub  grade  is  prac- 
ticed but  this  has  not  been  tried  out  in  actual  construction. 

Approximately  200  miles  of  highway  in  the  Province  of  Quebec 
has  been  stabilized  with  sulphite  liquor  and  the  results  have  been  uni- 
formly good.   Credit  should  be  given  to  the  various  members  of  the  staff 
of  the  Quebec  Department  of  Roaas  for  their  co-operation  in  the  early 
stages  of  this  project.   Credit  should  also  be  given  to  Mr.  Guillaume 
Plette  of  Laval  University  and  Mr.  Jacques  Hurtibise  of  the  Scole  Poly- 
technique  of  Montreal,  who  have  at  various  times  served  as  consultants  or- 
the  project. 

A  less  obvious  type  of  soil  stabilization  in  which  sulphite 
liquor  has  been  found  to  be  very  effective  is  the  prevention  of  frost 
heaving.   The  frost  heaving  of  soils,  as  distinguished  from  the  movement 
caused  by  freezing  of,  tha  soil  water,  is  characterized  by  the  formation 
of  ice  lenses  or  layers  of  solid  ice  at  various  depths  down  to  the  f roe '; 
line.   Normally  they  might  not  be  expected  to  give" rise  to  a  change  in 
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surface  level  or  more  than  six  Inches  or  a  foot  but  might  in  certain 

circumstances  cause  level  changes  of  two  or  more  feet.  Gravel  find  sand 
soils  are  not  subject  to  heave  nor  are  impervious  clays.   Maximum  heave:-; 
are  usually  found  in  soils  intermediate  between  these  tyoes  such  as  are" 
designated  as  silts  or  sandy  silts. 

The  effect  of  sulphite  liquor  on  frost  heaves  was  found  by 
Dean  Hardy  end  his  co-workers  at  the  University  of  Alberts  in  the  course 
of  a  laboratory  screening  of  a  number  of  materials  for  their  effective- 
ness (3).   His  Initial  findings  were  confirmed  and  it  was  found  that  by 
the  application  of  about  2Jg  sulphite  liquor  solids,  heaving  on  a  typical 
heaving  soil  could  be  virtually  eliminated  under  laboratory  conditions. 
This  effect  has  been  confirmed  In  the  field  first  by  Karcy  In  n  conven- 
iently located  curling  rink  and  later  on  a  railway  embankment  (k) .   Sub- 
sequently b  series  of  tests  wer3  carried  out  In  the  Lake  St.  John  area 
in  co-operation  with  the  Canadian  National  Railways.   These  are  uniform- 
ly successful  ana  have  been  extended  each  year  since  that  time.   Some 
failures  have  since  occurred,  satisfactory  reasons  for  which  can  usually 
be  postulated,  but  In  general  results  have  been  good.   One  encouraging 
outcome,  the  more  so  because  it  was  not  entirely  expected,  has  been  the 
persistence  of  the  effect  through  several  seasons.   There  has  in  fact 
been  some  indication  or  further  Improvement  in  the  second  and  third 
season  following  application. 

A  completely  satisfactory  mechanism  for  the  action  of  sulphite 
liquor  has  still  to  be  advanced.   Frost  heaving  Is  presumed  to  occur 
through  a  capillary  movement  of  water  from  the  water  trble  to  the  frost 
line  where  it  freezes  and,  as  the  process  continues,  produces  an  ice 
lens  the  thickness  of  which  depends  on  the  time  and  temperature  of  ex- 
posure.  The  fact  that  heaving  is  found  only  in  soils  of  an  intermediate 
particle  size  would  suggest  that  the  capillarity  of  the  soil  is  the  de- 
termining factor.   Similarly  Hardy's  observation  that  certain  other  sur- 
face active  materials  have  a  similar  effect  to  sulphite  liquor  would 
suggest  that  the  latter  produces  its  effect  through  a  modification  of 
the  soil  capillarity.   Whether  this  occurs  through  an  increase  in  dens- 
ity brought  about  by  a  deflocculation  of  the  soil  particles  or  through 
a  modification  of  the  surface  properties  of  the  soil  particles,  follow- 
ing adsorption  of  lignosulphonates,  is  not  known. 

Dispersant  Application!? 

One  of  the  most  important  and  diversified  fields  in  which  sul- 
phite liquor,  or  rather  lignosulphonates  are  finding  increasing  accept- 
ance is  the  dispersion  of  aqueous  slurries.   Lignosulphonates  are  poly- 
electrolytes  in  which  the  sulphonic  group  supplies  a  hydroohillic  group 
in  conjunction  with  the  hydrophobic  lignln  nucleus.   The  surface  active 
properties  conferred  are  not  outstanding  in  terms  of  wetting  action, 
surface  tensions  are  not  abnormally  low,  but  have  been  found  to  be  use- 
ful in  the  promotion  of  dispersion  in  a  wide  variety  of  aqueous  slurries 
The  mechanism  of  this  action  is  presumed  to  be  an  adsorption  of  the 
llgnosulphonate  molecule  on  the  particle  surface  with  a  resulting  neut- 
ralization of  the  mutual  attraction  between  the  particles.   In  general. 
cllsperaant  action  is  highly  specific;  a.  diapersant  which  is  effective 
in  one  type  of  slurry  may  be  ineffective  or" even  promote  flocculation 
in  another  type.   Lignosulphonates  are  effective  in  a  wide  variety  of 
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slurries   out   often  only  oltev  modification,      The   -oroduetion  of   dj  «er s- 
an.a  for  specific  uses  ivs   been  under  active  Jnveatiz? Eton  in  a   number 

SLn^SSS6?      Ut   ?he  reSUltE  hPVe   ™z  be*n  Pttbliah9d  except   as   they 
eaoulfi  dfppen  to   os   incorporated  in  patent   specifications.      Tor  this 

SSESrl   o  \      ?""  5?  Snld  corlceralnS  tho   production  of  the  various" 
prouucts   sold  ior  aispernant   uses. 

Portland  Cement 

Llgnlns  have  been  found  to  ce  useful  in  three  different 
phases  ol  the  production  and  use  of  hydralic  cements.   Two  of  these  *rs 
}L  ™J  nanufecture  of  cement  -  as  a  dtspersant  or  thinner  in  the  grind- 
n  r tIw  » "'"J  fnl  "  s  grinding  aid  in  the  final  grinding  of  the 

,,„,,+     The  dispersing  action  of  sulphite  liquor  on  cement  slurrv  was 
first  reported  by  Simon  in  1925  (5).   There  are  no  further  literature 
references  until  1937-3^  when  a  number  of  patents  were  issued  to  Scrip- 
ture (6),  Her*  (7)  and  others  (&) .   Following  the  granting  of  these  aSd 

?^f?ninLDr'CentS^^.aSSl-nees  ««»ertook  the  exploitation  of  th  .f- 
feet  ana  as  a  result  the  use  of  sulphite  llauor  in  concrete  rrixes  is 
now  an  accepted  practice.  «••**«*  ie 

v,  a  Sulphite  liquor  serves  three  functions  in  the  cement  mix   rt 

reduces  the  -water  required. to  give  the  viscosity  necessary  for  satis- 
factory placing  of  the  wet  concrete  End  as  a  result  of  the  strength  in- 
creese  derived  from  the  lower  water  ratio  is  said  to  oermit    redJSt >Sn 
in  the  cement  ratio  in  the  aeslgn  of  a  mix  for  any  glSen  strength  level 
It^Z 80J£ r°f° lft   tne  entrRinment  of  air  in  the  concrete,  an  effect  ~  " 
cr^te  ?  'h  *J«  d««W3J.ty  Particularly  in  locations  where  the  con- 
crete is  subjected  to  repeated  freeze-thaw  cycles.   Its  third  function 
is  that  01  p  retarder  in  the  set.   This  may  sometimes  be  undesirable 
out  there  are  occasions,  as  for  instance,  in  the  placing  of  concrete  »t 
high  ambient  temperatures  where  some  retardation  is  esslntial   ?his 
property  has  lead  to  widespread  use  of  llgnins  in  the  cementing  of  oil 
wells.      ^remely  high  temperatures  may  be  encountered  in  th2  deeper 

Lignins  exert  a  marked  dispersing  effect  on  slurries  of  erounfl 
limestone  with  shale  or  clay,  which  as  M5* materials  in  th,  manufacture 
of  Portland  cement,  are  fed  to  the  cement  kilns  for  sintering  (9}? 
Moisture  contents  of  the  slurries  normally  vary  between  5  aHd  U%   and 
by  virtue  of  the  reduction  in  viscosity  they  may  be  reduced  to  22  to  W 
With  a  dosage  of  about  0.235  on  the  dry  weight  of  the  slurry  or  about  1 
pouna  per  barrel  of  finished  cement.   The  reduction  In  water  contant 
permits  substantial  savings  in  fuel  in  the  sintering  operation  a • ell 

feed  tin?hf^iin  therSln  output-  The  dlspersant  Sten  added  to"  thl  raw 

feed  to  the  primary  mill  acts  as  a  grinding  aid  and  under  favour-ble 

important  consideration    lM*""*  Induction  may  in  some  cases  be  an 
Considerable  effort  has  gone  into  the  Inv^tir/ntinn  *f  *-im« 
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and  the  United  Stetee.  i\To  widespread  us3  has  developed  pertly  because 
a  resistance  to  innovation  on  the  pert  of  the  cement  plant  operators. 
Objective  difficulties  nave  also  been  encountered,  chiefly  in  connection 
with  the  operation  and  control  of  the  kiln  under  changed  moisture  con- 
ditions.  It  is  felt  however  that  the  use  of  lignine  in  this  phase  of 
cement  manufacture  will  eventually  be. established  to  the  mutual  advant- 
age of  the  cement  manufacturers  and  the  lignln  producers. 

Llgnlns  now  find  a  use  as  grinding  aids  in  the  grinding  of  the 
clinker  in  the  final  stage  in  the  production  of  cement.   Here  they  are 
used  in  combination  with  p.n  alkanolamlne ,  generally  triethanolaniine , 
the  mixture  having  properties  as  a  grinding  aid  not  possessed  by  either 
components.   The  grinding  old  is  used  in  very  small  quantities  usuplly 
less  than  0.1$  on  the  clinker  and  increases  the  grinding  rate  by  as  much 
as  40J6.   It  has  not  come  into  general  use  but  has  been  found  effective, 
in  the  grinding  of  high  early  strength  cements  where  the  finer  grind 
required  makes  the  use  of  a  grinding  aid  attractive.   Use  has  been  very 
limited  in  Canada  but  has  been  extensive  in  the  United  States. 

Gypsum  Wallboard 

Llgnlns  are  also  effective  as  dispersants  ana  retarders  in  the 
manufacture  of  gypsum  wallboard.   Mere  the  gyosum  stucco  is  slurried 
with  water  and  spread  between  two  sheets  of  paper  after  which  it  is  car- 
ried through  a  drier  for  the  removal  of  water  in  excess  of  that  required 
for  the  formation  of  the  calcium  sulphate  dihydrete.   Any  reduction  in 
water  content  of  the  slurry  obtained  through  a  decrease  in  viscosity  is 
reflected  in  lower  fuel  costs  and  increased  drier  capacity.   Retarding 
of  the  set  and  better  flow  characteristics  of  the  slurry  are  further  ad- 
vantages. All  the  wallboard  plants  in  eastern  Canada  and  a  number  in 
the  eastern  United  States  are  now  using  llgnlns  of  some  type. 

Oil  Well  Drilling  Muds 

Dispersants,  which. are  known  as  thinners  in  this  field,  play 
an  important  part  in  the  formulation  of  oil  well  drilling-  fluids.   The 
fluids  are  essentially  suspensions  of  a  swelling  clay,  sodium  bentonlte, 
in  water  and  they  perform  several  functions  the  most  important  of  which' 
are  the  transport  of  cuttings  to  the  surface  and  the  sealing  of  the  hole 
against  gas  pressures  wnich  may  develop.   Viscosity  characteristics  are 
very  important  both  as  regards  pressure  drop  In  the  mud  circulation 
system  and  as  regards  the  ability  of  the  mud  to  support  cuttings  in  their 
travel  to  the  surface. 

The  generally  accepted  dispersant  in  drilling  muds  has  been 
quebracho  and  in  the  treatment  of  sodium  muds  it  is  still  one  of  the 
more  effective  thinners.   Several  competitive  materials  have  been  devel- 
oped some  of  which  are  more  effective  under  special  conditions.   There 
is  as  far  as  is  known  only  one  lignln  based  product  which  is  competitive 
with  quebracho  in  sodium  based  muds. 

Llgnlns  find  more  general  use  In  lime  based  muds.   These  are 
produced  by  treatment  of  the  sodium  base  mud,  in  the  course  of  the 
drilling  operation,  with  sodium  hydroxide  and  lime  to  convert  the  sodium 
bentonlte  to  calolum  bentonlte.   They  are  used  generally  in  deep  wells 
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and  particularly  where  anhydrite  is  to  be  encountered.   Lignins  are  es- 
pecially useful  in  controlling  the  transient  high  viscosities  encounter- 
ed in  the  conversion  to  a  lime  base.   Several  lignln  products  are  bein?- 
sold  for  use  in  this  service.  A  number  of  them  are  used  in  conjunction 
witn  quebracho  where  some  synergistic  effect  is  found  in  the  combination 
One,  at  least,  is  effective  alone. 

Miscellaneous  Dispersion's 

Lignins  are  used  in  a  wide  variety  of  dispersion  amplications 
in  addition  to  those  already  mentioned.   Not  rrany  of  these  applications 
are  large  in  themselves  although  in  aggregate  considerable  amounts  may 
be  required.   The  following  may  merit  some  mention. 

Carbon  Black  -  Carbon  black  slurries  are  used  in  compounding 
ruober  by  the  "master  batch"  process  in  which  the  slu^rv  is-  added  to 
synthetic  ruober  latex  and  the  whole  precipitated  through  acidification 
A  dlspersant  Is  required  in  order  to  obtain  a  manageable  carbon  black 
slurry  at  the  required  solids.  At  least  one  lignin  oroduct  on  the 
market  Is  satisfactory  in  this  application. 

Agricultural  Insecticide  -  Dispersants  and  wetting  agents  are 
required  for  agricultural  sulphur;  DDT  and  other  insecticides.  A  number 
of  lignin  products  are  giving  satisfactory  performance. 

Pigments  and  Dyestuffs  -  Lignins  make  satisfactory  dispersants 
and  wetting  agents  for  a  number  of  pigments  and  dyestuffs.  A  limited 
amount  is  sola  for  use  in  applications  where  dispersion  is  required. 

Leather  Tanning; 

It  might  be  Interesting  to  recall  that  the  sulphite  pulp  pro- 
cess arose  out  of  an  attempt  by  Mitscherlich  in  1S7S  to  prepare  a  tan- 
ning extract  by  treatment  of  oak  wood  with  calcium  bisulphite  solutions 
110/.   The  attempt  was  unsuccessful  but  a  useful  paper  making  fibre  was 
obtained.   Since  that  time  there  have  been  numerous" attemots  'to  applv 
sulphite  liquor  to  the  production  of  leather  from  hides.  ^ Early  attempt* 
were  not  successful  and .  "spruce" ,  as  it  came  to  be  known  in  the  tanning 
trade,  acquired  a  bad  reputation  with  the  tanners.   This  arose  larselv 
through  a  failure  to  recognize  the  limitations  of  the  materiel.      " 

**   .-.-.    Sulphite  liquor  Is  not  a  tanning  material  in  the  sense  that 
it  will  impart  the  same  properties  to  leather  as  quebracho,  chestnut 
and  the  otner  vegetable  tannins.   Shrinkage  temperature  is  Improved  very 
little  over  the  raw  hide  and  practically  no  improvement  is  found  in  the 
resistance  to  enzyme  degradation.   Lignosulphonates  are,  however  Irre- 
versibly combined  with  the  collagen  fibre  and  are  finding  a  useful  place 
in  the  tannery  process,  as  a  pretan  in  vegetable  and  chrome  tannins  and 
as  a  retan  in  chrome  tanning,   it  is  also  finding  wldespreaa  use  as  a 
filler  in  the  iinishlng  of  vegetable  tanned  sole  leather. 

As  a   pretan  in  vegetable  tanning  lignosulphonates  improve  the 
penetration  of  the  vegetable  extracts  and  protect  the  hide  substance 

JjSSJ^fU!  att?uk  b7  Str?ng  tannin  solutions,   in  retanning  of  chrone 
tanned  leathers  they  Impart  certain  temper  properties  which  are  diffi- 
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time  provide  a  lover  coat  repieceaeiit  ro? 


til  >  :cta  v«  «**-*• 


Calcium  salts  are  used  only  to  a  limited  extent  in  tannins 
largely  because  of  the  insoluble  calcium  confounds  formed  with  qSebracho 
and  other  vegetable  tannins  and  because  of  the  calcium  precipitates 
lllTVlT  ^f^ot   the  fat  liquor  exponents  I  Ma"n?siSrnl  salts  have 
been  widely  used  ana  ammonium  and  sodium  salts  are  now  becoming  Popular. 

Conclusion 

A  reasonable  question  for  this  group  to  ask:  is  when  it  mi^cht 
be  expected  that  profitable  outlets  will  be  available  for  all  the  sll- 
SSfMtf111;  Produced  in  this  country.   That  is  a  question  to  which  no 

11  utllAt   f  corrnrCnn- bS  glVen*   Ca™dlf>n  production  of  sulphite  pSlp 
la  upwarus  3  000,000  .oris  per  year  which  aa-  a  rough  estimate  will  or o- 

li°nlnn^Saltarn°Unt  °f  sulPhite  liquor  solids.   Present  production  of 
llgnin  products,  some  proportion  of  which  is  exported,  will  certalnlv 
amount  to  less  tnan  20,000  tons.   The  ethanol  oroduetion  will  probablv 
Sor  a  X^  R^  ^lizstion  *   ^out  150,000  to°ne  Jr.SSSS* 
c«S??tftni  !;«  II  i!  nffaly  conceivable  that,  under  the  most  favourable 
Sm  nnn  ?  *  t5f*!Pftloll^1?na  outiined  ^ere  could  amount  to  more  than 
200,000  tons  with  the  partial  utilization  of  a  somewhat  smaller  amount 
i or  the  production  of  ethanol. 

nntlpto.JBh;re  are  n?l>    in  the  Present  state  of  our  knowledge,  market 
outlets  for  even  a  substantial  prooortion  of  the  available  llanin.  A 
solution  will  be  found  only  in  extensive  systematic  investigation  of  the 
properties  and  behaviour,  especially  under" degradive  conditions?  o  8ul- 
r£ll   i  ?      The  financing  of  such  a  research  effort  is  an  act  of 
faith  but  one   which  the  potential  rewards  could  well  justify. 
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SPRAY  IRRIGATION  FOR  DISPOSAL  OF  MILK  WASTES 

F.  J.  KcKee , 
Sanitary  Engineer,  Kraft  Foods  Limited, 
Chicago,  Illinois. 


Tne  disposal  of  dairy  plant  wastes  by -means  of  spray  irriga- 
tion is  dependent  upon  the  practice  of  rigid  control  of  waste  waters 
within  the  plant.   The  first  essential  in  installing  a  spray  irrigation 
waste  disposal  system  is  the  separation  of  all  clear  cooling  waters  an^ 
storm  water  from  the  floor  water  and  washing  waste.   It  is  also  desir- 
able to  eliminate  sanitary  sewage  from  the  dairy  waste.   The  second 
essential  to  the  proper  operation  of  a  spray  irrigation  system  is  the 
rigid  control  of  the  amount  of  wash  water  used. 

In. the  case  of  new  plants,  It  is  desirable  to  lay  out  the 
sewer  system  in  three  parts  so  that  complete  separation  is  made  between 
storm  and  cooling  water,  sanitary  sewage,  and  process  wastes.   The  stora 
and  cooling  water  which  is  uncontaminated  can  be  discharged  into  the 
nearest  water  course  or  storm  sewer.   The  sanitary  sewage  should  be  dis- 
charged to  a  septic  tank  or  sanitary  sewer,  and  the  process  waste  dis- 
charged to  the  spray  irrigation  system. 

The  control  of  water  usage  within  the  olant  is  best  done  by 
providing  equipment  which  prevents  the  wasting  of  water.   Extensive  use 
should  be  leflo  of  automatic  shut-off  nozzles  on  wash-up  hoses.   These 
nozzles  will  close  automatically  when  they  are  released  by  the  operator- 
A  very  desirable  procedure  is  to  install  a  tempered  water  distribution 
system  in  which  warm  water  of  the  prooer  temperature  for  washing  equip- 
ment is  distributed  throughout  the  plant.   Hanging  hoses  are  connected 
to  this  overhead  distribution  system  and  the  hoses  are  installed  along- 
side equipment  with  the  nozzle  hanging  just  above  the  floor.   In  this 
way  the^  volume  of  water  can  be  reduced  to  a  minimum  and  at  the  same  tlaw 
tue  washing  operation  is  made  much  more  thorough  through  the  readv 
availability  of  wash-up  hoses.   Both  the  Strahman  and  Lonn  automatic 
snut-oii  nozzles  have  been  used  successfully. 

a      *  ,    Jh*   weste  Process  waters  are  conducted  to  a  sump  at  a  conven- 
ient location  where  a  pump  may  be  installed  to  pump  the  waste  to  the 
spray  irrigation  field.   It  is  desirable  to  provide  Battling  and  fine 
screening  for  the  waste  prior  to  its  entering  the  pumo  sump.   In  severe- 
installations,  this  has  been  done  by  passing  the  waste  through  a  small 
settling  tank  and  by  hanging  a  screened  basket  below  the  sewer  inlet  t-- 
the  sump.   Normally  where  floor  drains  with  baskets  are  installed  in  the 
plant,  the  amount  of  waste  collected  in  the  ecrejne  is  0  minimum   Be- 
cause oi  the  water  conservation  practices,  the  volume  of  waste  water  1p 
rather  small   Some  installations  handling  as  much  as  200,000  pounds  of 
milk  per  day  have  a  waste  volume  of  only  about  g,000  gallons. 

m»w      In  Pny  aproy  ^r^tion  system,  it  is  desirable  to  spray  at  fe< 
high  a  pressure  as  possible  since  under  these  conditions  better  distri- ' 
Sl°;  °cl   thf  Wfl?Je  is  obtained.   The  pumping  equipment  should  be  capa- 
ble of  spraying  the  required  volume  of  water  at  a  pressure  of  at  least 
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120'  at  the  pump  discharge.   The  nozzles  in  general  use  require  n  pres- 
sure of  approximately  5'0  pounds  p^r  square  lncn  at  the  nozzle.   Allow- 
ances must  be  made  for.  difference  in  elevation  and  pipe  friction. 

The  pump  should  be  of  the  open  impeller  type  end  normnlly 
operates  at  36OO  rpm  in  order  to  px'oduce  the  desired  pressure.   There 
are  two  means  of  Installing  the  pumpa.   In  smaller  installations,  the 
pump  has  been  installed  above  the  pit  which,  of  course,  results  in  a 
suction  lift  of  the  waste  to  the  pump.   Tnls  is  not  desirable  since  it 
results  in  possible  loss  of  prime  which  results  in  the  failure  of  the 
pump.   Installations  using  self-priming  pumps  hove  been  made  with  good 
success.   On  larger  installations,  the  moat* desirable  procedure  is  to 
Install  the  pumps  in  a  dry  pit  taking  suction  through  the  pit  wall  from 
the  adjacent  wet  pit.   In  this. way,  the  pumps  are  provided  with  a  posi- 
tive suction  head  resulting  in  much  more  reliable  operation.   The  cost 
of  installing  pumps  In  this  manner  is,  of  course,  more  expensive.   To 
date,  successful  installations  hove  been  made  using  Ingeraoll-Rand, 
Doming,  and  Gorman-Rupp  pumps.   A  stand-by  pump  is  desirable.   However, 
there  are  installations  operating  with  only  one  pump. 

The  distribution  piping  from  the  pump  to  the  spray  nozzles 
can  be  installed  above  the  ground  where  only  summer  operation  is  antici- 
pated or  below  ground  where  year-round  operation  is  desired.   The  depth 
to  which  the  pipe  should  be  burled  depends,  of  course,  upon  the  local 
frost  conditions.   It  is  desirable,  in  any  case,  to  so  install  the  pipes 
that  drainage  will  be  obtained  either  to  the  pump  pit  or  to  drain  valves 
installed  in  low  points  in  the  piping.   The  drain  valves  used  on  water 
hydrants  have  been  used  successfully  for  draining  the  underground  later- 
als and  mains  of  the  spray  lrrlgrtion  system. 

Sprpy  nozzles  capable  of  covering  en   area  of  75'  to  150'  in  ■ 
diameter  have  been  used,   this  choice  is  dictated  by  the  necessity  of 
having  the  nozzle  openings  not  less  than  I"   in  .diameter  so  as  to  reduce 
the  possibility  of  plugging  the  nozzles.   The  choice  of  these  larger 
nozzles  also  Influences  the  choice  of  the  pump  and  pressure  at  which  it 
must  operate.   Our  experience  with  Rainblrd  sprinkler  nozzles,  model 
'■",  has  been  very  satisf pctory. 


The  first  recent  record,  of  waste  disposal  by  means  of  spray 
irrigation  was  at  Donaldson,  Tennessee  at  the  Swiss  Farms  Dairv  in  l$k$. 
This  installation  disposed  of  12,600  gallons  of  waste  through  a.  2"  line 
with  a  3  HP  centrifugal  pump  to  two  sprays  which  were  moved  daily  and 
covered  two  acres  in  ten  days.   This  is  a  dosage  rate  of  6,300  gallons 
per  acre  per  day.   The  average  concentration  of  the  waste  was  70  pounds 
of  B.O.D.  per  day. 

The  next  installation  of  rucord  was  at  a  dairv  near  Camden, 
New  Jersey  installed  in  1951  and  designed  for  75,000  gallons  per  day 
and  spraying  on  k$   acres  or  a  dosage  rrte  of  1,670  gallons  per  acre  per 
day.  A  pump  sump  capable  of  holding  five  to  six  days'  waste  was  appar- 
ently too  large  and  resulted  in  a  bad  odor  and  a  rather  unfavorable  im- 
pression of  the  operation. 

In  1952  en  installation  was  made  at  Pickorington  Creamery, 
Incorporated  at  Picker ington,  Ohio.   Originally  this  was  a  lagoon  which 


19. 

created  bad  odors.   The  spraying  of  the  waste  from  the  lagoon,  wa-s  not 
satisfactory  because  of.  the  odor  nuisance  and  in  1953  the  .installation 
was  changed  to  spray  fresh  waste  directly  to  the  field.'  This  installa- 
tion was  much  more,  satisfactory."  The  waste  was  discharged  through  a 
4-"  line  buried  y    underground  to  a  pasture  where  nine  2"  spray  nozzles 
were  located.   One  spray  was  used  at'  a  time  and  the  sprays,  we^e  changed 
daily.   Drain  tiles  under  the  pasture  were  plugged  in  order  to  eliminate 
the  percolation  of  strong  wastes  to  the  stream..   Cows  were  pastured  in 
the  field  while  the  sprny  operation  was  in  progress.  There  was  an  excel- 
lent growth  of  grass  in  the  pasture.   In  extremely  cold-  weather  the 
legoon  was  used  rather  than  the  sprays. 

An  Installation  was  made  at  'Schumaker' s  Dairies,  Incorporated 
at  Bridgeton,  New-  Jersey  in  1950-   Plant  wastes  were  discharged  by 
gravity  to  an  open  sump  pit  where  a  300  gallon  per  minute  centrifugal 
pump  was  Installed.   Overground  aluminum  pipes  were  used  for  headers  and 
laterals  with  spray  nozzles  at  each  ^0'  joint.   One  lateral  was  moved 
every  three  days.   The  amount  of  waste  water  sprayed  dally  was  75 > 000 
gallons  and  it  was  held  until  the  heavy  processing  load  in  the  plant 
was  over  to  save  electrical  demand  charges.   The  Irrigation  pump  was 
then  started  and  ran  only  about  three  hours  per  day.   The  installation 
was  originally  designed  for  100  acres,  but  used  only  three  10  acre 
fields  or  a  dosage  rate  of  2,500  gallons  per  acre  per  day.   The  install- 
ation operates  daily  throughout  the  winter'..  The  lines  are  drained  at 
low  points.   Heavy  ice  forms  on  ground  and  fences,  but  causes  no  trouble 
The  milk  plant  bottles  about  35,000  pounds  of  milk  daily  and  makes 
about  1,000  pounds  of  cottage  cheese  a  week.   Caustic  is  drained  from 
the  bottle  washer  every  three  months  to  floor  drains  and  the  dilution 
in  the  day's  waste  volume  has  prevented  any  ill  effects  on  vegetation. 

The  first  Kraft  Foods  Comoany  installation  was  made  at  Berwich 
Ontario  in  1952.   This  installation  sprayed  about  3,000  gallons  of  wasto 
per  day  through  two  spray  nozzles.'  The  nozzles  were  moved  weekly  and 
the  total  area  covered  involved  about  three  acres  or  2,700  gallons  per 
acre  per  day,   Plastic  pipe  laid  above  ground  was  used  for  part  of  the 
installation  and  galvanized  wrought  steel  pipe  for  the  remainder.   The 
spray  nozzles  were  placed  on  risers  about  6'  above  the  ground  surface 
and  the  spray  circle  was  approximately  1001  in  diameter.   The  installa- 
tion was  operated  during  the  spring,  summer,  and  fall  only  and  was 
closed  down  during  the  winter  when  the  waste  was  discharged  through  a 
large  septic  tank.   This  installation  was  successful  in  preventing  com- 
plaints of  odors  and  stream  pollution  during  periods  of  low  stream  flow 
in  the  summer  months. 

A  spray  irrigation  installation  was  made  at  Alexandria,  Tenn- 
essee in  1953-   The  Installation  consisted  of  six  spray  nozzles  located 
in  a  field  approximately  3^  acres  in  area.   Wastes  were  drained  by 
gravity  from  the  plant  to  a  sump  pit  and  pumped  through  a  header  to 
laterals  In  the  field.   The  header  was  galvanized  pipe  installed  approx- 
imately 18"  underground.   The  laterals  were  polyethelene  plastic  pipe 
laid  above  ground.   This  installation  has  been  very  successful  in  dis- 
posing of  plant  floor  washing  and  whey.   The  top  soil,  which  was  very 
thin  at  the  start  of  the .operation,  has  developed  into  a  heavy-rich  top 
soil  with  a  very  luxuriant  root  structure  from  the  grasses  grown  on  the 
field. 
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In  1953  a  spray  Irrigation  Installation  was  made  at  Shirley, 
Indiana.   Tills  system  was  designed  for  year-round  operation  by  burying 
all  of  the  headers  and  laterals  approximately  30"  deep.   Galvanised 
wrought  steel  pipe  was  used  throughout. .  The  area  available  was  approx- 
imately ten  acres  of  **hlch  about  six  acre3  were  provided  with  under- 
ground piping  for  spray  nozzles.   The  spray  nozzles  were  selected  to 
cover  an  area  100'  in  diameter  and  the  nozzles  were  spaced  approximately 
90'  apart.   Two  spray  nozzles  were  used  at  a  time  to  provide  for  a  dis- 
charge of  approximately  100  gallons  per  minute.   In  addition  to  the 
underground  system  for  plant  floor  wastes,  an  over  ground  system  cover- 
ing approximately  two  acres  was  installed  for  the  disposal  of  whey  on 
an  experimental  basis.  Approximately  5,000  pounds  of  whev  were  sprayed 
on  this  area  dally.   It  was  found  that  tho  whey  killed  off  the  grasses 
but  did  develop  a  very  prolific  growth  of  weeds  In  this  area. 

Some  difficulties  were  encountered  with  the  entire  system  due 
to  the  presence  of  underground  tiles  In  the  field  which  were  not  dis- 
covered until  after  the  .Installation  was  made.   Tt  has  been  necessary  to 
plug  this  underground  tile  system  to  prevent  too  rapid  percolation  of 
the  wastes  into  the  receiving  stream. 

We  recently  made  an  installation  in  South  Edmeston,  New  York 
which  will  operate  only  during  the  summer  months.   In  this  instance  we 
are  taking  advantage  of  the  New  York  State  stream  classification  which 
limits  the  amount  of  dissolved  oxygen  depletion  In  the  stream.  In  this 
case,  we  expect  that  operation  during  the  summer  months  will  be  adequate 
to  meet  the  state  standards. 

A  spray  irrigation  system  was  installed  at  Owenton  Kentucky 
and  has  alleviated  a  very  difficult  waste  disposal  problem.   In  this 
instance,  the  receiving  stream  was  so  small  that  100>  purification  would 
be  necessary  to  meet  any  standards.   A  spray  irrigation  system  which 
eliminated  the  discharge  of  any  waste  to  the  stream  is  probably  the 
only  method  that  would  be  suitable  in  this  case. 

At  Milan,  Wisconsin  an  installation  was  made  above  ground 
which  operates  during  the  summer  months.   Large  amounts  of  whey  have 
been  sprayed  in  tnls  particular  system,  and  while  this  has  not  been  com- 
pletely satisfactory,  it  has  been  a  major  Improvement  over  the  condition 
which  would  have  resulted  had  'the  whey  been  discharged  directly  to  the 
creek. 

There  are  two  problems  which  always  arise  in  the  design  of  a 
spray  irrigation  system.   The  first  concerns  the  area  of  land  necessary 
to  provide  the  proper  treatment.   There  are  a  nuirber  of  factors  which 
influence  the  dosage  of  wnste  on  a  spray  irrigation  field.   The  three 
most  important  are  the  slope  of  the  ground,  the  tyoe  of  soil,  and  the 
type  of  cover  crop. 

The  slope  of  the  ground  should  .preferably  be  less  than  &$   and 
the  land  should  be  relatively  free  -of  gullies.   The  most  ideal  condition 
is  to  have  a  gently  sloping  piece  of  land  with  the  installation  of  the 
pump  sump  at  the  low  elevation  and  the  nozzle  installation  up  the  hill- 
side In  such  a  manner. that  the. piping  will  drain  back  to  the" sump  when 
the  pump  is  not  operating. 
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The  type  of  soil  Influences  to  a  great  extent  the  volume  of 
water  that  can  be  discharged  to  It.   Clay  soil,  of  course,  does  not 
absorb  water  as  rapidly  as  loose  loam  or  gravel  soil.   The  clay  soil  l<i 
als.o  susceptible,  to  poisoning  by  the  effects  of  sodium  in  the  waste. 
The  clay  soil  has  the  property  of  noting  fig  a  zeolite  and  will  exchange 
calcium  normally  present  in clay  soil  for  sodium.   If  the  clay  soil  be- 
comes .loaded  with  sodium,  it  loses  the  property  of  absorbing  water  end 
becomes  exceedingly  hard  to  the  point  where  no  vegetation  will  grow. 
If  this  happens,  the  spray  irrigation  field  is  ruined.   The  limits  for 
sodium  which  have  been  suggested  are  100  parts  per  million.   On  elfty 
soils,  it  is  recommended  "that  the  spray  field  be  given  an  occasional 
treatment  with  agricultural  lime  in  order  to  compensate  for  the  effoctc 
of  the  sodium  in  the  waste. 

The  type  of  vegetation  has  some  importance  In  determining  the-, 
water  absorbing  characteristics  of  the  soil.   Our  experience  has  been 
that  grasses  are  most  satisfactory  for  dairy  wastes.'  Reed's  canary 
grass  has  been  recommended  as  being  the  best  cover  crop.   However,  we 
have  had  good  success  with  canary  grass  and  orchard  grass.   It  Is  be- 
lieved that  the  difference  in  the  grasses  is  relatively  minor  and  the 
most  Important  thing  is  that  a  good  cover  crop  be  obtained.   Cur  exper- 
ience has  been  that  in  starting  with  a  bare  field,  it  takes. approximate 
ly  two  years  to  obtain  a  good  cover  crop  to  obtain  maximum  absorotion  q? 
tho  waste.   If  possible,  a  field  already  planted  in  grass  is  the  most 
desirable  one  to  obtain. 

The  subject  of  winter  operation  is  always  of  interest  in  dis- 
cussing spray  irrigation  systems.   The  plant  at  Shirley,  Indiana  has 
operated  throughout  the  winter  for  three  years  and  has  not  encountered 
any  extreme  difficulties  during  that  period.   Some  trouble  has  been  ex- 
perienced with  frozen  nozzles.   However,  the  best  remedy  has  been  founc 
to  be  to  remove  the  nozzle  and  allow  it  to  thaw  out  Indoors.   Duriner 
this  period  other  nozzles  can  be  used.   During  the  extreme  cold  weather 
the  waste  freezes  on  the  ground  and  does  not  appear  to  run  off  to  any 
great  extent.   The  most  difficult  period  for  operation  of  this  system 
appears  to  be  in  March  when  there  are  periods  of  alternate  thawing  and 
freezing.   During  this  time  there  will  be  run-off  from  the  field  which 
will  contain  incompletely  treated  waste.   During  this  period  the  field 
is  normally  saturated  with  water  due  to  inditing  snow  and,  since  the 
grass  has  not  started  to  grow,  there  is  little  chance  for  purification. 
Some  of  the  waste  is  absorbed  into  the  ground  oven  under  these  condition 
and  the  waste,  in  passing  over  the  ground,  receives  so:ne  treatment  so 
that  wastes  reaching  the  water  course  are  considerably  less  objection.^ 
than  the  raw  wastes  from  the  factory.   This  period  appears  to  last  onl;. 
about  a   month  and  as  soon  as  the  grass  begins  to  grow,  the  run-off 
ceases. 

The  spray  irrigation  system  has  been  found  the  most  satisfac- 
tory from  an  operational  point  of  view  of  any  method  of  cheese  factory 
waste  disposal.  As  you  no  dbout  know,  in  cheese  factories  the  whey  wh.'  •.-. 
is  produced  la  a  by-product  having  a  very  low  value.   In  normal  operat.w 
a  certain  amount  of  whey  is  discharged  to  the  sewer  and,  under  some  co.i  • 
dltions,  a  substantial  amount  of  whey  may  reach  the  sewers.   The  whey 
is  nutritionally  unbalanced  in  that  it  is  defficient  In  protein  and  nit- 
rogen. Accordingly  the  bacteria  which  normally  operate  in  a  conventions 


waste  treatment  system  do  not  have  sufficient  nitrogen  to  completely 
oxidize  the  wssti  mtterlsl,   The  result  Is  inefficient  operation  of  the 
conventional  was  to  treatment  plant.   In  the  case  of  sprty  irrigation, 
this  difficulty  is  not  nearly  ea   prevalent.   The  soil  contains  nitrogen 
to  provide  for  the  decomposition  of  considerable  amounts  of  whey  end 
since  the  nitrogen  is  only  Dorrowed  and  returns  to  the  soil,  the  system 
seems  to  operate  more  or  less  Indefinitely.   Our  experiences  indicated 
that  a  spray  irrigation  system  will  operate  successfully  with  consider- 
ably more  whey  in  the  waste  than  can  be  tolerated  in  a  trickling  filter 
or  aeration  plant.   If  large  amounts  of  whey  are  discharged  tc  the  spray 
irrigation  system,  it  does  not  appear  to  effect  the  grass  and  the  tend- 
ency is  for  weeds  to  grow  in  the  place  of  the  grasses.   This  appears  to 
be  because  the  weeds  can  thrive  on  less  nitrogen  than  grasses. 

At  the  present  time,  Kraft  Foods  Company  has  10  installations 
of  waste  disposal  systems  by  use  of  spray  Irrigation  at  cheese  factories. 
The  installations  have  been  made  at  plants  where  we  have  had  consider- 
able trouble  and  controversy  regarding  waste  disposal  problems  for  many 
years. 

In  conclusion,  it  has  been  our  experience  that  the  sprriy  irri- 
gation type  of  treatment  has  eliminated  the  operating  problems  associ- 
ated xirith  the  usual  sewage  treatment  methods,  that  it  requires  loss 
attention  by  the  plant  personnel,  that  it  improves  the  soil  as  pasture 
land,  and  that,  In  mo3t  cases,  it  has  created  sufficient  interest  among 
plant  personnel  so  that  satisfactory  operation  of  the  system  has  been 
obtained. 
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Nutrition  and  Synthesis 

The  subjects  nutrition  and  synthesis  are  so  intimately  relate 
that  it  would  be  difficult  to  discuss  either  adequately  without  borrow- 
ing heavily  from  the  other.   Aerobic  biological  treatment  methods  had 
been  applied  to  waste  waters,  largely  domestic  sewage,  for  at  least  Ko 
years  before  any  serious  consideration  was  given  to  nutrition  or  synth- 
esis.  The  issue  was  forced  upon  us  when  industrial  wastes  of  wide  vari- 
ety and  character  were  accepted  for  treatment  in  municipal  systems  or 
attempts  were  made  to  treat  them  separately  by  biological  means. 

At  the  present  time,  it  is  generally  conceded  that  the  remova' 
of  organic  pollutants  from  waste  waters  is  accomplished  primarily  by 
bacteria  and  that  rapid  removal  depends  upon  unrestricted  reproduction 
or  growth  (synthesis)  of  the  bacteria  while  using  a  minimum  amount  of 
the  organic  pollutant  (food)  for  energy;  This  condition  is  Illustrated 
as  follows: 

Food  n  CO.-,  f  HpO  *  Energy 


Organic  | Bact 


Waste  [  "  On 


New  Bact.  I  ,  .,  , 

Cells   '   (growth) 


On  the  basis  of  current  knowledge,  the  greatest  yields  of  new 
growth  are  produced  when  the.  organic  waste  is  properly  balanced  nutri- 
tionally.  Furthermore,  the  product  formed  under  such  conditions  has 
maximum  nutritive  value  which  Is  an  important  consideration.   As  long  a--, 
domestic  sewage  is  Involved  the  product  will  be  relegated  to  use  as 
lertxllzer  of  relatively  low  sale  value.   However,  with  a  number  of  in- 
dustrial wastes, the  product  may  be  used  for  animal  or,  possibly  human 
ioodstuifs  with  high  sale  value.   Fodder  yeast  Is  currently  be intf-  pro- 
duced from  waste  sulfite  liquor  and  serious  attempts  are  being  made  to 
modify  its  character  so  that  it  will  be  acceptable  as  human  food 
Other  wastes  of  acceptable  aesthetic  quality  are  being  treated  biologic- 
ally to  produce  foodstuffs  to  meet  the  demands  of  increasing  populations 
(j5).   It  is  conceivable  that  other  bacterial  growths  may  be  used  for 
such  purposes.   In  anticipation  of  that  eventuality,  it  would  seem  wise 
to  reserve  the  term  "sludge"  for  biological  growths  not  destined  to  be 
used  for  food  purposes. 

The  discussions  which  follow  with  respect  to  nutrition  and 
synthesis  apply  to  the  activated  sludge  process  since  It  has  lent  itse  ■  •" 
most  favorably  to  such  research.   There  is  good  theoretical  reason  and"" 
some  experimental  evidence  to  support  ita  application  to  high  rate 
trickling  filters. 
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Nutrition 

Bacteriologists  have  long  been  aware  of  the  nutritional  needs 
of  a  great  many  organisms.   These,  ^ange  from  autotrophs  with  only  inor- 
ganic requirements  through  a  spectrum  of  heterotrophs  with  a  wide  vari- 
ety of  needs.   In  general,  however,  where  mixed  cultures  are  used  for 
initial  seeding  purposes  those  organisms  which  can  utilize . the  available 
organic  matter  most  efficiently,  i.e.,  reproduce  most  rapidly,  will  pre- 
dominate, providing  adequate  sources  of  mineral  elements  are  present. 
Nitrogen,  phosphorus  and  sulfur  are  considered  to  be  the  elements  needed 
In  measureabla  amount.  The  former  should  be  present  as  18% ■  ,  the  phos- 
phorus as  POfcj  and  the  sulfur  as  SO4.  .   Usually,  the  carriage  water  can 
be  relied  on  to  supply  the  small  amounts  of  sulfate  needed.   Trace 
amounts  of  magnesium,  potassium,  calcium,  iron,  manganese,  zinc,  cooper 
and  cobalt  are  probably  essential  for  most  bacteria  (12).   The  carriage 
water  is  normally  relied  upon  to  furnish  these. 

The  current  interest  in  the  nutritional  aspects  of  waste  treat- 
ment may  be  considered  to  have  stemmed  from  difficulties  encountered  In 
the  measurement  of  5-day  B.O.D.  using  distilled  water  buffered  with 
sodium  bicarbonate  for  dilution  purposes.  '  Eldrldge  (2)  had  encountered 
variable  B.O.D.  values  in  different  dilution  of  a  beet  sugar  waste  and 
had  attributed  the  trouble  to  variations  In  the  amount  of  sewage  seed  in 
the  bottles.   Holderby  and  Lea  (S)  performed  studies  to  show  that  results 
similar  to  those  obtained  by  Eldridge  could  be  caused  by  varying  the 
carbon  to  nitrogen  ratio.  Nichols  and  Lea  (11)  reported  that  B.O.D. 
dilution  water  should  contain  sufficient  ammonia  nitrogen  to  insure  a 
B.O.D.  to  nitrogen  ratio  of  l6  to  1  and  a  B»0.B.  to  phosphorus  ratio 
of  lJ-00  to  1.   The  latter  was  modified  by  Lea  as  a  result  of  later  stud- 
ies to  40  to  1  (10). 

Excess  Nitrogen 

The  writer  first  became  interested  in  the  nutrition  of  activ- 
ated sludge  when  In  a  study  of  sludges  obtained  from  different  municip- 
alities it  was  noted  that  some  were  incapable  of  nitrification.   Further 
study  showed  that  the  ability  for  nitrification  was  a  function  of  the 
carbon  to  nitrogen  ratio  in  the  feed  to  which  It  wa3  accustomed,  more 
commonly  referred  to  in  the  waste  treatment  field  as  the  B.O.D.  to  nitro- 
gen ratio.   Sewages  having  excessive  amounts  of  nitrogen,  with  less  than 
lb  parts  of  B.O.D.  for  each  part  of  nitrogen,  gave  sludges  with  increas- 
ing capacity  for  nitrification  as  the  ratio  of  nitrogen  increased.   On 
the  other  hand,  at  B.O.D.  to  nitrogen  ratios  of  l6  or  more  to  one, 
nitrification  becamo  extinct  [lk) . 

Many  Industrial  wastes,  for  example  animal  packing  house  and 
tannery  wastes,  contain  nitrogen  in  excess  of  that  required  in  stabili- 
zation by  activated  sludge,  consequently  nitrification  and  attendant 
problems  are  often  a  matter  of  concern  (15). 

Mineral  Requirements 

It  has  been  recognized  for  several  years  that  many  Industrial 
wastes  are  poorly  balanced  from  a,  nutritional  viewpoint.  Early  studies 
with  sulfite  waste  liquor,  which  Is  notoriously  deficient  in  both  nitro- 
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gen  and  phosphorus,  showed  that  the  eato  of  removal  of  9.0*9.  wa.;  hast- 
ened greatly  in  the  presence  of  adequate  amounts  of  nitrogen  and  phos- 
phorus (16).   Subsequent  studies  with  other  materials  Including  sugars 

established  the  fundamental  need  for  both  nitrogen  and  phosphorus  (17). 

The  need  for  nitrogen  and  phosphorus  may  03  satisfied  in  el the 
of  two  .ways.   Domestic  sewage  normally  contains  these  mineral  elements 
in  excess.   Therefore,  it. may  serve  as  a  source  of  such  nutrients  for 
wastes  requiring  supplementation.   The  addition  of  Industrial  wastes  to 
municipal  sewer  systems  is  common  practice/  consequently  It  often  b'^eom: 
Important  to  know  what  nutrients  are.  needed  and  how  much  in  order  to 
make  sure  that  the  ability  of  the  sewage  to  supply  the  needs  is  not  ex- 
ceeded.  Where  admisture  with  adequate  amounts  of  domestic  sewage  is  net 
possible,  it  often  becomes  necessary  to  add  inorganic  sources  of  nitro- 
gen and/or  phosphorus.   Since  this  constitutes  a  continual  expense  a 
knowledge  of  the  amounts  required  is  important. 

Requirements  for  Mixtures  with  Domestic  Sewage 

The  requirements  during  treatment  in  combination  with  domestic 
sewage  have  often  been  referred  to  as  "Maximum  requirements"  and  have 
been  determined  by  investigations  on  mixtures  In  which  the  industrial 
waste  was  varied  to  produce  effluents  with  and  without  excess  nitrogen 
and.  phosphorus  (5).   Mineral  requirements  were  determined  at  10.  20  and 
30  C  using  two  methods  of  calculation:   1.   by  differences  in  influent 
and  effluent  analyses  and  2.   by  measuring  the  amount  of  mineral  nutri- 
ent contained  in  the  sludges  wasted  to  maintain  uniform  aeration  solids 
concentration  (1500  ppm. ) . 

The  results  of  the  studies  made  on  mixtures  with  domestic  sew- 
age are  shown  in  Tables  I  and  II.   The  optimum  8.0. D.  to  N  ratio  varied 
from  13  to  1  to  as  high  as  26  to  1,  with  6  of  the  nine  values  ranging 
from  16  to  19  of  B.O.D.  to  1  of  nitrogen.   In  other  words,  the  nitrogen 
requirements  varied  from  jj,g  to  7.7  lbs.  per' 100  lbs.  of  5-day  B.O.D., 
with  6  of  the  9  values  falling  in  the  range  of  5,3  to  6,2  lbs.   Tempera- 
ture appeared  to  have  no  consistent  effect. 

The  B.O.D.  to  P  ratios  varied  from  67  to  1  to  as  high  as  195 

to  1,  with  6  of  the  9  values  falling  in  the  range  of  8J   to  102  of  B.O.r.' 

to  1  of  P,   On  a  weight  basis,  from  O.51  to  1.4-9  lbs.  of  P  were  used  pt>. 

100  lbs.  of  5-day  B.O.D.  with  .6  of  the  9  values  falling  in  the  range  ot 

0.82  to  1.20  lbs.  Again,  temperature  appeared  to  exert  no  consistent 
effect. 

From  these  studies  it  appears  that  a  B.O.D.  to  N  ratio  of 
about  17  to  1  and  a  B.O.D.  to  P  ratio  of  about -100  to  1  ara  optimum  for 
stabilization  of  such  wastes  in  combination  with  domestic  sewage.   The 
value  for  nitrogen  is  in  good  agreement  with  results  previously  obtain- 
ed by  the  writer  using  sulfite  waste  liquor  (16)  and  those  relating  to 
nitrifying  and  non-nitrifying  sludges  (1^).   The  value  for  phosphorus, 
however,  is  somewhat  less  than  the  M-5  to  1  ratio  obtained  with  sulfite 
waste  liquor. 
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Requirements  In  the  Absence  of  Slgnlf leant  Amounts  of  Domestic  Sewage 

Helmers,  et  nj  (6)  have  resorted  on  studies  mods  *.••'  .  cotton 
ki Bring,  rope  Iciering  and  brewery  wastes  while  the  nitrogen  c  the  mix- 
ture was  varied  over  a  wide  r&nge.   The  phosphorus  was  added  In  excess 
in  all  cases..   Usually  the  maximum  level  of  nitrogen  added  was  in  slight 

excess.   The  results  are  shown  in  Tables  Til  and  IV.   Under  such  condi- 
tions of  study,  a  great  variation  of  B.O.D.  removals  resulted,  conse- 
quently it  was  necessary  to  evaluate  the  nutrient  requirements  in  terms 
of  the  B.O.D.  removed.   The  data  shown  would  suggest  that  as  little  as 
1.1  lb.  of  nitrogen  and  O.19  lb.  of  phosphorus  would  suffice  for  the 
removal  of  100  lb.  of  B.O.D.   It  should  be  noted  that  B.O.D.  removals 
accomplished  on  such  limited  nutrients  were  unsatisfactory  in  the  esta- 
blished aeration  time. 

Helmers,  et  al  (6)  havo  pointed  out  that  other  factors  such 
as  the  settling  character  of  the  sludge  and,  possibly,  f ilterability 
will  determine  in  large  degree  the  amount  of  nutrients  needed.   This  is 
a  matter  which  will  be  decided  in  each  case.   However,  the  data,  do  Indi- 
cate the  maximum  requirements  would  range  from  3,7  to  5»5  lbs.  of  nitro- 
gen and  from  0.k$   to  1.2^  lbs.  of  phosphorus  for  each  100  lbs.  of  B.O.D. 
removed.   These  values  are  in  fair  agreement  with  those  obtained  in  com- 
bination with  domestic  sewage. 

A  summary  of  nitrogen  and  phosphorus  requirements  as  determin- 
ed in  the  presence  of  domestic  sewage  and  by  supplementation  is  shown  in 
Table  V. 

Operational  Variables  Affecting  Nutritional  Requirements 

Among  the  more  important  variables  which  occur  In  the  opera- 
tion of  biological  treatment  units  are  the  aeration  solids  concentration. 
B.O.D.  loading  and  temperature.   The  effect  of  these  variables  on  nitro- 
gen requirements  was  studied  by  Weinberger  (20)  using  a  synthetic  waste 
of  highly  reproducible  character. 

The  effect  of  varying  the  aeration  solids  concentration  over 
the  range  of  500  to  25OO  ppm.  is  shown  in  Figure 'l.   The  nitrogen  re- 
quirement decreased  with  increasing  aeration  solids  for  a  given  B.O.D. 
loading.   Figure  2  show  the  effect  of  increased  B.O.D.  loadings  when 
using  several  different  aeration  solids  concentrations.   Nitrogen  re- 
quirements diminished  rapidly  as  B.O.D.  loadings  decreased  and  increased 
to  a  maximum  of  about  5  lbs,  per  100  lbs.  of  B.O.D.  regardless  of  the 
aeration  solids  concentration.   The  current  trend  is  to  express  B.O.D. 
loadings  In  terms  of  lbs.  of  B.O.D.  fed  per  day  per  lb.  of  aeration 
solids  carried  in  the  system.  When  the  data  of  Figure  2  are  recalcu- 
lated on  this  basis,  we  obtain  the  data  shown  in  Figure  2A.   This  demon- 
strates that  nutrient  requirements  increase  with  B.O.D.  loading  up  to 
about  0.1+  lb.  of  B.O.D.  per  lb.  of  aeration  solids -and  that  requirements 
are  about  5  lb.  of  nitrogen  per  100  lb.  of  B.O.D.  at  higher  loadings. 

Temperature  is  another  factor  which  must  be  reckoned  with  as 
is  demonstrated  in  Figure  3.   This  would  indicate  the  nutrient  require- 
ment during  high  temperature  operation  would  be  materially  decreased. 
Helmer's  data  did  not  show  this  trend,  presumably  because  of  the  higher 
B.O.D.  loadings  which  he  used. 
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Synthesis  or  Growth 

One  of  the  fundamental  characteristics  of  all  living  matter 
is  that  of  reproduction,  for- without  it  any  species  will  perish.   In 
order  for  reproduction  to  occur,  synthesis  of  new  cell  tissue  must  take- 
place  which  is  like  that  of  the  parent  cells  so  that  the  characteristic.- 
of  the  species  will  be  maintained  even  unto  the  it*"  generation. 

The  sole  requirements  for  synthesis  are  the  presence  of  liv- 
ing organisms,  available  food  supply  and  proper  environment.   A  certain 
amount  of  food  Is  needed  to  supply  energy  for  endogenous  respiration 
but  this  requirement,  for  healthy  organisms  is  very  low.  As  the  food 
supply  is  increased  above  that  needed  for  endogenous  respiration,  a 
source  of  energy  and  raw  materials  becomes  available  for* reproduction. 
At  any  given  temperature,  the  rate  at  which  reproduction  will  occur 
will  depend  upon  the  amount  of  available  food  at  any  instant  and  the 
rate  of  replenishment.   The  rate  of  reproduction  will  increase  with  the 
level  of  the  available  food  supply  until  the  minimum  generation  time  o"" 
the 
due 
tit 

trickling  filters  because  of  the  more  or  less  uniform  surface  area  ex- 
posed to  the  food  supply.   The  writer's  concept  of  food  supply  -  syn- 
thesis relationships  during  biological  treatment  is  shown  in  Figure  k. 

From  Figure  i|  it  may  be  reasoned  that  any  considerations  con- 
cerning growth  of  sludge  during  biological  stabilization  of  organic 
matter  should  be  based  upon  food  supplies  considerably  in  excess  of 
those  needed  to  satisfy  the  basal  metabolic  needs.   Furthermore,  the 
supply  should  not  be  so  great  that  appreciable  amounts  remain  In  the 
effluent.  A  second  Item  concerns  the  matter  of  terms  In  which  to  ex- 
press the  food  supply  on  a  quantitative  basis..  Where  studies  have  been 
conducted  with  substrates  containing  known  substances,  the  practice  has 
been_ to  relate  growth  on  a  weight  basis  to  the  weight  of  food  material. 
In  situations  where  the  comoositlon  of  the  food  supply  was  uncertain  or 
of  a  mixed  nature,  such  as  in  many  industrial  wastes,  the  practice  has 
been  to  relate  growth  to  the  5-day  B.O-D.   Therefore,  in  attempting  to 
evaluate  synthesis  or  growth,  it  is  Important  that  the  comparisons  be 
made  from  data  obtained  with  relatively  high  food  supply  (B.O.D.  loadin.- 
and  that  attention  be  given  to  the  mode  of  expressing  the  food  supply. 

Growth  Studies  with  Substrates  of  Known  Composition 

A  great  deal  of  information  has  been  accumulated  concerning 
microbial  assimilation  of  organic  matter.  A  review  of  the  existing 
knowledge  was  mado  by  Clifton  in  19^6  (1).   However,  such  Information 
is,  probably  not  directly  applicable  to  the  waste  treatment  field  be- 
cause of  the  mass  inoculations  which  are  used  in  the  latter. 

A  number  of  investigators  have  made  studies  of  syntheses  or 
growth  using  activated  sludge  to  stabilize  substrates  of  known  composi- 
tion.  Considerable  information  also  exists  concerning  the  conversion 
of  sugars  to  yeast  under  aerobic  conditions.  A  summary  of  data  obtain 
ed  from  several  sources  is  shown  In  Table  VI.   From  the  reported  result- 
it  can  be  concluded  that  the  nature  of  the  substrate  controls  the 
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oxidative  -  assimilative  relationships  to  u  considerable  desro. 
Yields  or  new  growth  in  the  range  of  50  to  60  per  cent  of  tin   dry 
Weight  of  the  organic  food  can  be  expected. 

Growth  Studies  Obtained  With  Indu atrial  Wastes 

Several  investigations  have  been  made  of  the  amount  of  growth 
obtained  when  feeding  industrial  wastes.  Due  to  the  uncertrin  and  com- 
plex character  of  the  wastes,  all  the  investigators  have  correlated  the 
growth  obtained  with  the  5-day  3.0.B,  of  the  waste.  Tha.  writer  (16)  in 
studies  with  sulfite  waste  liquor  found  the  amount  of  growth  to  be  in 
almost  direct  proportion  to  the  B.O.D.  of  the  waste  as  fed.  A  yield  of 
about  1  lb.  of  dry  sludge  for  each  lb.  of  5-day  B.O.D.  was  indicated. 

Helmers,  et  al  (6)  conducted  growth  studies  on  cotton  klering 
rag-rcpe  kiering  and  brewery  wastes,  also  on  peptone  end  glucose.   Their 
results  showed  phenomenally  uniform  growth  regardless  of  the  substrate 
used.   Typical  data  are  shown  in  Figures  5  end  6.  At  3.  CD.  loadings 
of  70  lbs.  per  1000  cu.  ft.  per  day,  from  37  to  ^2  lbs.  of  new  sludge 
were  produced  each  day.   This  corresponds  to  a  conversion  factor  rang- 
ing from  O.53  to  0.60. 

Gellman  and  Huukelkian  {k)    have  reported  on  studies  of  sl—>e 
growth  during  biological  purification  of  jute  cook  liquor,  yeast  Waste 
gum  waste  and  boardmill  white  water.   A  summary  of  their  data  la  shown' 
in  Figure  7  and  shows  a  yield  of  shout  0.5  lb.  of  volatile  solids  in 
new  sludge  growth  per  lb.  of  5-day  B.C.D.  fed,  with  no  apparent  diver- 
gence from  a  straight  line  relationshio  over  a  wide  range  of  ^.O.D. 
loadings.   These  findings  are  in  excellent  agreement  with  those  report- 
ed by  Helmers,  et  al  (6),  when  their  results  are  corrected  to  a  volatil* 
solids  basis. 

Heukeleklan,  et  al.  (7)  have  reported  on  some  extensive  growth 
studies  using  several  sewages,  largely  domestic  in  origin,  having  ap- 
preciable amounts  of  suspended  solids  in  relation  to  the  3.O.B.  "Their 
data  showed  definite  reductions  in  sludge  growth  as  the  aeration  solids 
increased.   This  same  trend  was  noted  oy  the  writer  in  some  studies  on 
aomestic  sewage,  also  (IS),   Keukolekian  has  offered  the  following  form- 
ula for  calculating  sludge  growth  in  such  wastes: 

a  =  0,055  s  /  0.53 

where  A  is  the  lb.  of  volatile  suspended  solids  accumulation  per  day  S 
Is  the  lb.  of  volatile  mixed  liquor  suspended  solids,  and  8  is  the  lb. 
of  B.O.D.  fed  per  day.   The  need  for  a  correction  factor  based  uoon  the 
suspended  solids  in  the  aeration  mixture  indicates  that  sludges  produced 
irom  domestic  sewage  are  somewhat  different  in  character  froa  those  pro- 
duced on  industrial  wastes  in  which  tho  major  oart  of  the  B   0  D  is  in 
soluble  form. 

The  writer  (IS)  has  shown  that  net  growth  of  activated  sluto 
depends  upon  temperature  as  well  rs   other  factors. 
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Discussion 


From  the  information  already  presented  on  growth,  it  is  quite 
definite  that  the  amount  of  growth  can  be  predicted  from  the  5-day 
0.0. D.   Now,  if  the  comoosition  of  the  sludge  growth,  were  uniform  it 
would  be  a  simple  matter  to  calculate  the  nutritional  requirements. 

It  is  axiomatic  that  reproduction  through  synthesis  is  neces- 
sary for  the  preservation  of  a  species.   It  ia  also  axiomatic  that,  if 
the  species  is  to  maintain  its  original  character,  it  must  be  built  of 
identical  materials.   Thus,  tne  nutritional  requirements  can  be  esti- 
mated from  an  analysis  of  the  dead  material.  A  great  deal  of  such  stud-'' 
has  been  made  on  pure  cultures  of  organisms,  animals  and  plants.   A 
great  variation  in  composition  of  the  many  species  occurs  end,  conse- 
quently, it  is  difficult  to  select  representative  values  which  might 
depict  the  condition  in  mixed  cultures  common  in  waste  treatment . ° 

Hoover  and  Porges  (9)  have  analyzed  an  activated  sludge  pro- 
duced in  stabilizing  skim  milk  solids  for  carbon,  hydrogen,  oxygen, 
nitrogen  and  ash.   Their  sludge  contained  11.27  per  cent  nitrogen  and 
on  the  basis  of  their  analyses,  they  have  calculated  on   empirical  form- 
ula of  CcHyNOp.   Phosphorus,  however,  is  an  element  which  is  present  in 
bacterial  cells  and  yeasts  in  macro  amounts.   The  data  given  by  Helmers 
et  al.  (5)  (6)  shows  a  mean  of  1.02  per  cent  of  phosphorus  and"g.O  per 
cent  of  nitrogen  in  the  activated  sludges  developed  on  the  various  ind- 
ustrial wastes.  Using  these  values  as  a  basis  of  calculation  the  empir- 
ical formula  CllgH-L70o51N17P  is  Indicated,   if  the  phosphorus  is  ignore-;, 
a  formula  C7Hn0N  Oj'is  obtained.   From  the  wide  variation  of  nitrogen 
In  the  activated  sludges  reported  by  Helmers,  it  does  not  seem  reason- 
able to  compose  a  definite  empirical  formulo  for  activated  sludge. 
Therefore,  even  though  the  amount  of  growth  can  be  predicted  quite  close 
ly,  the  amount  of  mineral  elements  needed  cannot. 

Critlcel  Nitrogen  Levels 

The  data  presented  by  Helmers,  et  al.  (6)  show  that  the  nitro- 
gen content  of  the  sludges  produced  decreases  as  the  amount  of  available 
nitrogen  per  unit  of  B.O.D.  decreases.   Their  data  also  show  that  satis- 
factory B.O.D.  removals  can  be  obtained  with  small  deficiencies  of  nitro- 
gen. When  the  deficiencies  become  too  great  the  sludges  tend  to  have 
poor  settling  and  filtering  characteristics.   Helmers  has  suggested 
that  p.  minimum  of  7  per  cent  of  nitrogen  should  be  present  In"  the  vola- 
tile portion  of  the  sludge  to  maintain  desirable  qualities .   On  the 
basis  of  this  information  and  B.O.D.  -  growth  relationships,  the  fol- 
lowing formula  may  be  used  for  calculating  the  acceptable  minimum  nitro- 
gen requirements: 

Minimum  -Ms    (5-day  B.O.D.  x  0.5)  x  .07  x  fraction  of  Vm  in  sludge 
where  Minimum  -  N  will  be  expressed  in  the  same  terms  as  the  B.O.D. 
Critical  Phosphorus  Levels 

The  data  on  minimum  amounts  of  phosphorus  needed  to  supply 
metabolic  requirements  during  biologicel  treatment  is  very  limited. 


38. 


taLS?romeS  lP1!?l*£7Jlla**l  in?lcate  the  ^ivated.  slud^s   to   eon- 

frnrn    QO    fn    pin    fS         2£    £*£    C6nt '    WhGn  ^OSphorua  -was    in    6Xc5s8         ThUS 

Jaad  9  WhS  ?£p  ^S*  Pf  B,0-D'  WGre  «»blllied  per  lb.  of  phosohorus 

krown   TherP  Ph°8Phoruf /equireoanta  appear  to  vary  so  Such  la  not 

ti   Li      ie  some  evidence  that  it  may  be   related  to  oH  or  posaiblv 
the  Ce//  concentration  of  the  substrata.  Possidxj 

system.  it'VioJ!  f  th°   lrap?rtant  role  of  phosphorus  in  various  enzyme 
fo?  each  lib  ?Sl  o?P?SJ  PrndJnJ  t0  allow  at  lo»8t  1  lb«  of  Phosphors 
se?  amounts  w   'fi ^  ^f,3'0'^  untl3L  «W*WM  indicates  thai  les- 
sor amounts  will  saolsfy  the  needs  In  a  particular  situation.   Braaribera 

of  ?  6  D  ^7:  n8hrn  S  Phoe;Pho™s  requirement  of  O.W  lb.  par  100  S!*' 

Avallabla  Hltrogen 

upon  a.  DOiS'lSo'lS1^?8!!  SJA 1S  pfesent  aa  "V  oan  be  ooun*>a 

bacterial  requirements  (20).     ^  '    6l°W  8na  may  not  kcJp  pecs  v,lth 

£?SS-~  :3S#^ SSSSSaP- 

Summary 

th^o1o    , Nutrition  and  synthesis  are  intimately  related  factors   <?vn 

to  pSffia^gSjffioS  ^tSrifi&'Strss^jffis  sir ors 

??on  ^tSpT8!^0"  Sl?llflr  t0  th3  Progenitors       A  considerate   frac- 
tion of  the  food  is  used  ror  energy  purposes.  *     Irac 

a   waste       AbSVS  ^nth*sls   c*n  b°  predicted  from   the   5-day  b.O.D.    of 
ft   ??,«      ,,ADout   °-5   lb.    of   new  growth  will   occur  for  each  lb     nfVn  n 
stabilized,    m  normal  activated" sludge   operation.  ,0,C' 

Growth  =   0.5    (5-day  B.O.D.) 

0«en  »«.,5rsp«sslff8csss  y-aa^-fft-sr  s* 
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It  is  desirable  to  produce  a  biological  growth  or  activated  sludge  wl 

maximum  nitrogen  and  phosphorus  content;  the  following  S-dav  3  o'd  t 
mineral  nutrient  ratios  are  indicated: 


th 
o 


B.O.D.  to  N  -  17  to  1 

B.Q.D.  to  P  =  90  to  1 

Where  it  is  desired  to  accomplish  rapid  stabilisation  of  a  waste  with 
minimum  amounts  of  mineral  nutrients,  the  following  ratios  are  indicated; 

B.O.D.  to  N  =  32  to  1 
3.O.D.  to  P  -150  to  1 

Mineral  nutrient  requirements  can  be  greatly  reduced  by  keeping  p.o.D. 
loadings  per  lb.  of  aeration  solids  at  very  low  levels,  in  the  range 

M,  This  mny  be  accomplished  by  carrying  extremely  high  aeration 
solids  in  conventional  sized  trunks  or  by  providing  several  "times  the 
normal  aeration  tank  capacity. 
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TABLE  1 

MAXIMUM  NITROGEN  REQUIREMENTS  DURING  ACTIVATED  "SLUDGE  STABILIZATION  OF 

INDUSTRIAL  WASTES 


B.O.D.  Rptlo            Lbs.  Nitrogen  Per 
_N 100  Lbs.  5-Day  B.Q.D, 


Waste 

10°C 

20°C 

30°c  . 

10°C 

20°  C 

30°c 

Cotton  Kierlnp; 

IS 

16 

16 

5.6 

6.2 

6.2 

Rag-Rope 
Mixture 

26 

13 

17 

3.S 

7-7 

5-9 

Brewery 17     22     19 5.9    *K  6 5. 3 


TABLE  II 
MAXIMUM  PHOSPHORUS  REQUIREMENTS  DURING  ACTIVATED  SLUDGE  STABILIZATION 
OF  INDUSTRIAL  WASTES 


^^  Ratio  Lb.  Nitrogen  Per 

_P 100  Lbs.    5-Day  B.O.D. 

10°C        20°C        30°C  10°C        20°C  30°C 


Cotton  Kiering  1C2  S3  90  0.9S        1.20  1.11 


Rage-Rope  Mixture        IS9        122  195  O.53        0.S2  O.51 


Brewery  99  91  67  1.01        1.10  1A9 


Dr.   Clair  N.  Sawyer 
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TABLE  III 

NITROGEN  REQUIREMENTS  OF 

INDUSTRIAL  WASTES 
TREATMENT 

DURING  ACTIVATED  SLUDGE 

Supple- 
mental 
N 
ppm 

Lbs.  Nitrogen 
5-Aay  3.O.D.  R 

per  100  lbs. 

eijioved 

Waste 

10° 

20° 

30° 

Cotton 
Kiering 

0 
2 

2.0 
2.6 

(83) 

(8*0 

2.5 
3-5 

(89)      2.3  (9D 

(91)      2.S  (.91) 

1+ 

3-3 

(66) 

M 

(95)      3-5  (93) 

6 

3.6 

(SS) 

5-5 

(95)      ^.2  (sM 

Rope 

Kiering 

0 
6 

1.7 

(050) 

(6o) 

l.S 

(\'50)  1.1  (72) 
(75)      2.0  (83) 

15 

3.1 

(7*0 

2.3 

(82)       2.5  (91) 

25 

^.33 

'(SO) 

3.7] 

"(87)      3-6X(92) 

Brewery 

0 

1.5 

(70) 

l.S 

(9^)      1.2  W 

5 

2.3 

(82) 

2,8 

(95)      1.6  (96) 

15 

3.3 

(93) 

4.8 

(97)      ^  (95) 

25 

if.31 

(SS) 

i+.  9 

'(98)      MX<95) 

1 
Considered  to  represent  maximum  values  because  of 
excess  nitrogen  in  effluents. 


Dr.  Clair  N.  Sawyer 
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TABLE  IV 

PHOSPHORUS 

REQUIREMENTS  OF 

INDUSTRIAL 
TREATMENT 

WASTES  DURING  ACTIVATED  SLUDGE 

• 

• 

Supple- 
mental 
N 
ppm 

Lbs.  Nitre 
5-day  B.o. 

q&n   per  100  lbs. 
D.  Removed 

Waste 

10° 

20°          30° 

Cotton 
Kierlng 

0 
2 

.31  (S3) 
Ak   (gij.) 

Ak   (89)      Aj>   (91) 
•53  (91)      M   (91) 

k 

Ak   (S6) 

•5^  (95)      .50  (93) 

6 

.kk   (88) 

•5^  (95)      -5^  W 

Rooe 

Kierlng 

0 

—  U5Q) 

—  ((50)     .19  (72) 

s 

Ao   (6o) 

**$   (75)      .35  (S3) 

15 

•  52  (7*0 

M   (82)      ,1^5  (91) 

25 

.6g1(go) 

.57X(87)      .^91(92) 

Brewery 

0 

.60  (70) 

.65  (9k)              .57  (910 

5 

.87  (82) 

.89  (95)      .68  (96) 

15 

1.00  (93) 

1.21  (97)     1.20  (95) 

• 

25 

1.091(gg) 

l.  2^(98)     l.071(95) 

Values  obtained  in  presence  of  excess  nitrogen 


Dr.  Clair  N.  Sawyer 
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TABLE  V 
SUMMARY  OF  NUTRIENT  REQUIREMENTS 


Lbs.  per  100  Lbs. 
B.O.D.  Removed 


Mineral  Nut 

rient 

Method 

Range 

Mean 

Nitrogen 

With  Sewage 

By  supplementation 

3.8-7.7 

3.7-5.5 

h.3 

Phosphorus 

With  Sewage 

By  Supplementation 

0.51-1,49 

0.49-1.2M- 

1.01 

.57 

TABLE 

:  VI 

CONVERSION  OF  KNOWN  ORGANIC  MATERIALS  DURING 
BIOLOGICAL  TREATMENT 

Substance 

Organisms 

Per  Cent  Conversion 
to  New  Growth 

Reference 

Carbohydrate 

Act.  Sludge 

62-85 

(13) 

Alcohols 

11     11 

52-66 

11 

Amino  Acids 

11     u 

32-62 

11 

Organic  Acids 

11     11 

10-60 

ti 

Skim  Milk  Solids 

11     11 

50-52 

(9) 

Glucose 

Yeaat 

119-59 

(19) 

Glucose 

Act.  Sludge 

144-64 

(17) 

Sucrose 

it      11 

52-6S 

11 

Dr.  Clair  N.  Sawyer 
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INDUSTRIAL  WASTE  TREATMENT  IN  MICHIGAN 
Dr.  C.  Fred  Gurnham 
Professor  of  Chemical  Engineering,  Michigan  Stata  University, 

East  Lansing,  Michigan 


In  speaking  to  you  today  on  the  subject  of  industrial  waste 
treatment  in  Michigan,  I  am  presuming  on  two  entirely  unrelated  facts. 
I  am  interested  in  the  treatment  and  control  of  wastes  from  Industry, 
and  I  am  a  resident  'of  Michigan.   Thuse  two  qualifications  apply  equal- 
ly well,  or  better,  to  the  people  of  our  State  Water  Resources  Commis- 
sion.  One  of  them,  rather  than  I,  should  be  presenting  this  paper. 

As  a  college  professor,  however,  I  have  neither  the  desire 
nor  the  intention  of  giving  up  this  opportunity  to  talk  to  a  captive 
audience.   I  must  admit,  though,  that  I  have  received  a  great  deal  of 
assistance  from  the  Water  Resources  Commission  in  the  preparation  of 
this  paper,  and  am  especially  Indebted  to  Milton  P.  Adams,  the  Executive 
Secretary,  and  Loring  F.  Oemlng,  Sanitary  Engineer.   You  must  not  hold 
these  men  responsible,  however,  for  any  of  my  statements,  since  this 
paper  was  finally  assembled  in  a  manner  quite  different  from  our  dis- 
cussions. 

Beccauae  of  these  relationships,  I  am  not  prepared  to  give  you 
a  statistical  survey  of  the  treatment  plants  constructed  or  of  the 
polluted  streams  brought  under  control.   I  doubt  that  you  would  be  in- 
terested In  such  a  tabulation.   Instead,  I  shall  select  several  of  the 
industrial  waste  control  measures  that  appeal  to  me  because  of  their 
newness  or  novelty,  and  that  I  believe  may  interest  the  industries  of 
Ontario- 

Material  Salvage  and  By-Product  Recovery 

In  the  control  of  pollution  from  Industrial  wastes,  treatment 
operations  are  not  nearly  as  economical  as  are  measures  to  eliminate 
waste  in  the  manufacturing  process.   Much  pollutional  material  can  be 
kept  out  of  the  streams  and  need  not  be  handled  in  a  treatment  plant  if 
it  can  be  salvaged  and  re-used  in  the  manufacturing  process  or  recover- 
ed and  utilized  as  a  by-product. 

In  the  electroplating  industry,  which  is  one  of  Michigan's 
major  industries  because  of  its  relation  to  the  manufacture  of  automo- 
biles, many  plants  now  recover  the  chromium  compounds  from  their  rinse 
waters,  and  re-use  these  in  the  plating  process.   Loss  of  chromium  from 
electroplating  solutions  by  drag-out  on  the  plated  parts  is  very  large, 
because  the  solutions  are  concentrated  and  viscous  and  because  the  size 
and  shape  of  many  parts  do  not  permit  adequate  draining  in  a  conveyor- 
ized  plating  line.   It  is  common  practice  to  remove  this  adhering  chrome 
liquor  by  a  series  of  two  to  five  rinse  tanks.   Frequently  low-volume 
fresh  water  sprays  are  used  to  aid  the  rinsing.   3y  utilization  of  the 
countercurrent  flow  principle,  or  by  employment  of' standing  or  dip  rinfte 
tanks,  the  rinse  water  can  be  built  up  In  concentration  to  a  consideratl 
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is  °n 

in  the  Michigan  automobllf  and  autSISSfL  a»cVn8tallptlon8  are  in  use 
the  rinse  overflows  are  pumped  !2  SffiJj  hardware  plants.   Generally 
ion  exchange  rosins.  Regeneration  t^t£  f,  ft0*? '  and  then  th^nSh   the 
tlon  of  copper  or  nickel  tnir.lt   \  sulfuric  acid  produces  a  solu- 
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In  1955,  the  amount  was  3.3  million  gallons,  or  71  percent.   The  Munls- 
in^  Paper  Compnny  has  conducted  a  similrr  operation,  using  waste  calcluir 
base  sulfite  liquor. 

Underground  Disposal 

The  underground  discharge  of  waste  brines  from  petroleum  pro- 
duction and  chemical  manufacture  has  been  practiced  for  many  years,  not 
only  in  Michigan  but  In  other  states  and  in  Canada  as  well.  If  the  in- 
jection is  deep  enough,  and  if  it  penetrates  a  non-potable  aquifer,  no 
harm  results  from  such  disposal.  No  suitable  treatment  means  exists  for 
these  high  chloride  wastes,  and  they  must  be  discharged  where  they  will 
not  cause  harm. 

At  the  Dow  Chemical  Company,  underground  disposal  is  used  not 
only  for  brines  but  also  for  certain  strong  organic  wastes  which  are  not 
amenable  to  the  usual  techniques  of  treatment.  At  the  Upjohn  Company, 
in  Kalamazoo,  concentrated  organic  wastes  from  pharmaceutical  and  anti- 
biotics manufacture  are  treated  by  neutralization,  precipitation,  and 
settling  prior  to  injection  into  two  1200-foot  wells.   Similar  antibiot- 
ics wastes  are  disposed  of  into  deep  wells  at  Holland,  Michigan,  by 
Parke,  Davis  &   Company. 

At  3ay  City,  Michigan,  the  9©y  Refining  Company  is  disoosing 
of  spent  caustic  wastes  into  an  injection  well.   The  Ford  Motor  Company, 
at  its  Rouge  plant,  is  currently  developing  a  deep  well  process  for' get- 
ting rid  of  phenol-bearing  coke-oven  wastes. 

High  pressures  are  sometimes  necessary  to  force  wastes  into 
the  underground  formation  at  the  rate  necessary.   Too  high  a  pressure, 
however,  may  lead  to  fracture  of  the  geologic  formation;  this' could  re- 
sult in  formation  of  fissures  that  would  convey  the  wastes  into  potable 
water  aquifers.   In  Michigan,  it  has  generally  been  required  that  pres- 
sures not  exceed  1000  to  1200  pounds  per  square  inch  at  the  well  head. 
Acidity  in  the  waste  may  help  to  open  up  porosity  in  the  rock  and  so  in- 
crease the  absorptive  capacity  of  the  well.   Upjohn  has  found  that  some- 
what lower  pumping  pressures  can  be  used  if  the  acid  wastes  are  not  com- 
pletely neutralized.   Strongly  acid  wastes,  on  the  other  hand,  are  un- 
desirable from  a  corrosion  viewpoint. 

Spray  Irrigation 

The  disposal  of  organic  wastes  by  spraying  onto  woodland,  pas- 
ture, or  crops  has  become  increasingly  widespread  in  the  past  few  years. 
This  practice  started  in  the  cannery  and  dairy  industries,  where  it  is 
still  most  popular,  but  it  has  been  tried  on  other  types  of  wastes  as 
well.   Several  articles  on  spray  irrigation  have  appeared  in  the  Journalr 
and  experimentation  and. trial  installations  are  currently  active. 

I  might  report  that  Michigan  State  University  has  a  current 
research  project  with  a  nearby  cannery  to  investigate  various  types  of 
trees  for  spray  field  cover.  A  forest  soil  has  higher  absorotive  capac- 
ity than  grass  or  crop,  land,  and  this  research,  in  the  Forestry  Depart- 
ment, is  aimed  at  comparing  various  species  of  fast-growing  trees  native 
to  this  area.   The  plantings  are  now  three  years  old,  which  is  too  short 
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a  period  for  conclusive  results,  but  indications  are  certainly  favorable. 

The  usual  goal  of  a  sprey  irrigation  system  is  to  maintain  a 
continuous  growth  of  vegetation  under  spray  conditions.  .This  may  not 
be  possible  if  the  waste  contains  an  aooreciable  concentration  of  inor- 
ganic salts,  because  the  vegetable  tissues  are  dehydrated  by  such  treat- 
ment. At  a  recent  Purdue  Conference,  the  American  Box  °oard  Company  of 
Filer  City  reported  on  disposal  of  neutral  sulfite  pulp  wastes.  'All 
vegetation  in  the  spray  area  was  killed  within  a  few  days,  however,  an 
abundant  growth  of  grass  and  weeds  appeared  the  following  Soring.  Ap- 
parently the  inorganic  salts  were  leeched  from  the  soil  during  the 
Winter,  and  the  organic  matter  remained  on  the  ground  where  it  served 
as  fertilizer  and  soil  conditioner.   It  was  anticipated  that  In  about 
three  years  the  porous  condition  of  the  soil  would  be  restored  and  the 
:area  would  be  ready  for  a  further  application  of  waste.   This  practice 
•necessitates  several  spray  fields,  each  In  a  different  phase  of  a  j-   or 
4-year  cycle,  but  the  results  reported  have  'been  fully  satisfactory. 

Flotation 

The  flotation  operation  is  sometimes  used  to  accelerate  the 
separation  of  solids  or  oils  that  neither  sink  nor  float  with  sufficient 
rapidity.   3y  attaching  small  air  bubbles  to  the  individual  particles, 
a  strong  buoyant  force  is  created  and  the  solid  or  oily  matter  rises 
quite  promptly  to  the  surface,  where  it  is  easily  removed.   The  least 
expensive  means  of  providing  the  necessary  bubbles  is  by  injection  of 
compressed  air  through  a  porous  diffuser  or.  by  mechanical  agitation  or 
beating.   However,  these  techniques  are  not  nearly  as  effective  as  the 
nucleation  method,  although  they  frequently  suffice  for  wastes  relative- 
ly easy  to  separate. 

A  better  technique  Is  to  cause  air  bubbles  to  form  or  nucleate 
In  direct  contact  with  the  foreign  particles.   This  is  accomplished  by 
forcing  the  gas  to  come  out'  of  solution  in  the  liquid,  in  the  form  of 
bubbles.   New  bubbles  have  a  natural  tendency  to  form  at  discontinuities 
like  the  surface  of  particles,  and  to  adhere  to  such  surfaces.   Nuclea- 
tion of  gas  bubbles  is  achieved  either  by  applying  vacuum  to  air-satura- 
ted waste,  or  by  dissolving  air  under  oressure  in  the  waste  and  then 
releasing  the  pressure. 

The  flotation  treatment  of  wastes  Is  usually  adaptable  to  solid 
particles  without  difficulty.   Its  most  useful  application,  however,  is 
in  the  treatment  of  oily  wastes  and  emulsions,  since  these  are  often 
difficult  to  separata  by  conventional  inexpensive  means. 

Several  metal-finishing  plants  in  Michigan  and  elsewhere  are 
separating  emulsified  or  "soluble"  oil  wastes  by  vacuum  or  pressure  flo- 
tation.  Addition  of  chemicals  is  usually  neceseary  for  oH  adjustment  or 
flocculation,  but  the  dosage  of  chemicals  is  small.   Alum  and  activated 
silica  have  been  used.   In  some  plants,  preliminary  separation  without 
chemicals  produces  an  oil  product  that  can  be  recovered  for  use  on  roads 
or  as  fuel,  and  final  treatment  with  chemicals  yields  an  effluent  that 
Is  clean  enough  for  discharge  together  with  a  final  sludge  or  "float"  of 
no  value.  Attempts  to  operate  oil  flotation  units  without  chemical 
agents,  either  In  the  metal  industries  or  at  petroleum  processing  plants, 
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have  sometimes  been  successful,  but  generally  not. 

Neutralization 

The  disposal  of  steel  mill  pickle  liquor  has  been  a  problem  f  c  :■■ 
many  years,  and  a  great  number  of  schemes  have  been  investigated  to  mini- 
mize the  costs  and  difficulties  of  treatment.   Let  me  describe  to  you 
briefly  one  such  Installation  that  has  been  completed  within  the  past 
month.   This  installation  employes  a  modification  of  the  Cooper  Process; 
developed  by  Jack  E.  Cooler,  and  has  been  placed  in  operation  at  the 
McLouth  Steel  Corporation,  near  Detroit. 

The  McLouth  operations  include  the  treatment  of  blast  furnace 
gas  wash  water  with  acid  pickle  liquor,  for  mutual  neutralization  and  ths 
precipitation  of  iron-   Natural  alkalinity  of  the  wash  water  is  supple- 
mented by  lime  slurry  additions,  as  needed  to  complete  the  reactions. 
The  dilution,  however,  is  great  enough  that  calcium  sulfate  is  not  pre- 
cipitated, but  remains  in  solution  and  is  discarded.   The  reaction  sludr-- 
is  therefore  a  relatively  pure  ferric  hydroxide,  which  can  be  dewatered" 
and  sintered  for  charging  to  the  blast  furnace. 

In  a  parallel  operation  at  the  McLouth  plant,  rolling  mill 
cooling  water  containing  mill  scale  and  dust  is  similarly  treated  with 
pickle  liquor  and  lime.   Without  such  treatment  the  dust  particles  would 
not  settle,  but  this  tyoe  of  flocculation  produces  a  clear  effluent  in- 
stead of  the  previous  dark  red  waste. 

Biological  Treatment 

Biological  treatment  methods  for  organic  wastes  have  attracted 
much  interest  in  recent  years.   Many  strong  wastes  which  were  formerly 
thought  to  be  beyond  the  capabilities  of  microorganisms  to  destroy  have 
been  found  amenable  to  such  treatment  after  all.   The  experiences  of  Dow 
Chemical  Company  end  others  with  the  biological  oxidation  of  phenol 
wastes  is  well  known.   These  compounds,  usually  considered  to  be  bacter- 
icides, can  nevertheless  be  attacked  and  broken  down  by  bacteria  special- 
ly acclimated  to  the  particular  type  of  waste.  Activated  sludge,  trickl- 
ing filters,  and  perhaps  other  types  of  biological  treatment  can  be 
utilized. 

To  my  knowledge,  no  full-scale  cyanide  destruction  by  biolog- 
ical means  is  being  undertaken  in  Michigan,  but  T  do  know  that  such 
studies  have  been  considered  and  that  a  large  pilot  plant  has  been  oper- 
ated at  the  Buick  factory.   We  are  conducting  some  small-scale  labora- 
tory studies  in  certain  phases  of  this  work  in  my  own  department,  and  a 
year  ago  I  had  the  privilege  of  describing  at  Purdue  the  rather  astonish- 
ing results  achieved  by  the  British  Sfater  Pollution  Research  Laboratory. 
Under  proper  conditions,  it  apoears  possible  to  utilize  the  cyanide  group 
as  the  sole  source  of  carbon  for  the  growth  of  microorganisms. 

Two-stage  biological  treatment  will  be  used  to  provide  a  high 
degree  of  purification  of  combined  industrial  and  municipal  wastes  in  tho 
new  Frankenmuth  plant  which  starts  operation  in  about  two  weeks.   The  cc/i 
bined  waste  Includes  1/k   m.g.d.  from  a  large  brewery  and  an  equal  volume 
from  the  Village  of  Frankenmuth.   The  village  sewage,  even  without  the 
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brewery,  contains  sufficient  organic  industrial  wastes  to  give  it  a  BOD 
of  350  ppm  and  a  suspended  solids  content  of  300  ppm.   The  brewery  waste 
Is  of  course  several  times  stronger,  and  the  combined  flow  will  be 
54-0,000  gallons  per  day,  at  1250  ppm  BOD  and  530  ppm  suspended  solids. 
In  order  to  provide  the  high  degree  of  treatment  necessary,  two  extra 
large  trickling  filters  will  be  operated  in  series  with  primary,  inter- 
mediate, and  final  settling  tanks-  A  recycle  ratio  of  5' to  1  is  planned 
for  each  filter.  The  digesters  also  are  oversize,  based  on  conventional 
municipal  practice.  Because  of  the  two-stage  biological  oxidation  and 
the  liberally  designed  biological  units,  it  is  hoped  to  realize  a  97^ 
reduction  in  BOD  and  95$  In  suspended  solids.  The  plant  is  scheduled  to 
begin  operation  about  July  1st,  and  it  will  be  interesting  to  observe  its 
progress. 

Conclusion 

This  has  been  a  rather  rambling  sort  of  talk  but,  as  I  warned 
you  at  the  beginning,  I  have  attempted  to  discuss  briefly  some  of  the 
recent  developments  in  industrial  wastes  control  that  Interested  me.   I 
hooe  you  have  learned  something  new  from  these  remarks,  and  that  you  con- 
clude, with  me,  that  the  control  of  industry  wastes  is  receiving  active 
study  and  advancement. 
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This  theoretical  design  of  a  waste  treatment  unit 
assumes  that  chemical  treatment  is  impractical  or  impos- 
sible, and  that  good  housekeeping  measures  are  in  practice. 
Thus  biological  processes  are  the  only  possibility,  and 
fundamentally  they  are:  aerobic  and  anaerobic.   The  bac- 
teria involved  in  biological  waste  treatment  have  the 
unique  ability  to  operate  in  the  presence  of  oxygen  or  in 
its  absence,  but  as  one  would  suppose  they  do  not  produce 
the  same  end-products. 

When  the  bacteria  are  aerobic  and  operate  in  the 
presence  of  oxygen  they  convert  the  waste  pollution  into 
new  cellular  protein  material.  This  is  the  basis  of  aerobic 
waste  purification.  To  dissolve  tUa  oxygen  necessary  for 
this  process  can  be  quite  costly.   It  must  also  be  borne  in 
mind  that  supplying  a  fraction  of  the  needed  oxygen  will  not 
produce  a  fractional  purification,  but  will  result  in  fund- 
amentally stopping  the  aerobic  process. 

In  the  anaerobic  system,  where  no  oxygen  exists, 
the  bacteria  will  decompose  the  pollution  and  produce 
gases  and  liquids.  In  this  case  nothing  need  be  supplied 
except  continual  mixing  and  a  source  of  carbon  dioxide. 
Carbon  dioxide  is  as  essential  to  the  anaerobic  process  as 
oxygen  is  to  the  aerobic  process.  Fortunately,  however, 
carbon  dioxide  is  one  of  the  gases  produced  in  this  system, 
so  it  only  becomes  necessary  to  recirculate  the  gas  produced. 
The  recirculation  will  also  mix  the  contents  and  the  desired 
decomposition  will  proceed  rapidly  and  uniformly. 

By  either  process  ?0%  -  93%   of  the  pollution  can  be 
removed.  It  then  becomes  tho  problem  of  the  sanitary  engineer 
to  determine  which  is  the  most  economical  system  for  tho 
waste  in  question.  The  aerobic  system  requires  4-24  hours 
detention  time  (with  a  large  supply  of  oxygen)  whereas  the 
anaerobic  system  requires  the  same  detention  time  with  a 
lesser  power  cost.  Without  becoming  involvod  in  the  detailed 
mathematics  it  is  obvious  that  a  high  BOD  value  (10,000  ppm 
or  more)  could  bo  most  economically  treated  aneorobically. 
Waste  with  low  BOD  values  (loss  then  2000  ppm)  can  best  be 
handled  by  tho  aerobic  process,  Howevor  those  arbitrarily 
selected  values  leave  a  largo  gap  (2000  to  10,000)  v;hich 
requires  a  combination  of  tho  two  processes  to  achieve  the 
most  economical  cost  to  tho  industry, 
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Dowpac  has  25  sg»  ft.  of  surf  ace  tier  cubic  foot  nn£ 
95fo  void  speco.  By  virtue  of  its  corrug'  tod  pattern  r:nd 
surfneo  continuity  it  has  the  ability  to  crorto  &   large 
r.mount  of  now  liquid  surfc.ee  por  foot  of  downward  flow. 
Thus  it  is  basically  a  good  surface-film  aerator. 

To  evaluate  the  efficiency  of  Dowpr.o  as  P  mechanical 
aerator,  columns  of  it  wore  dosed  with  a  cobalt-catalyzed 
sodium  sulfite  solution,  rnd  tho  sulfito  content  analyzed 
before  rnd  after  passage  through  the  column.   Tho  sulfite 
oxidized  would  be  a  measure  of  the  magnitude  of  air-exposed 
surface  produced.  The  sulfito  oxidation  data  mean  little 
until  thoy  are  compared  to  the  values  for  completely  satur- 
ated water,  Since  the  sulfite  solution  was  never  completely 
oxidized  because  of  a  high  concentration  present,  (comparable 
to  water  saturation)  tho  data  show  that  enough  now  surface 
is  created  in  passage  through  a  63  inch  -tower  to  dissolve 
ten  times  tho  oxygen  saturation  va.lue  of  wator.   It  was  noted 
that  at  afLow  of  4  g.p.m./sq.  ft.  the  surface  is  completely 
wetted  and  at  greater  flow  rates  the  surface  film  is  increas- 
ing in  thicknoss.  Assuming  five  -seconds  flow-through  timo, 
the  film  thickness  is  0.1  inch  for  10  g.p.m./sq.  ft.  flow. 

It  is  assumed  that  tho  sulfito  solution  flow  rates 
greater  than  4  g.p.m./sq.  ft.  cause  no  gain  in  surface 
renewal  —  therefore  the  wator  flow  could  be  increased  to 
values  of  40-50  g.p.m./sq.  ft.  and  still  exit  from  tho  column 
saturated  with  oxygon. 

Thus  by  pumping  40  g.p.rn.  (for  example)  to  a  total 
head  of  20  foot  (to  include  friction  losses)  this  will  moan 
7.2  KWH,  at  an  overall  efficiency  of  $0%t    to  dissolve  four 
pounds  of  oxygon  per  day  -  or  essentially  two  KV/H  por  pound 
of  oxygen  per  day. 

Assume  a  totally  rorobic  system  of  waste  treatment 

(with  total  sludge  oxidation)  is  desired.  Once  tho  ultimate 

weight  of  BOD  is  known  the  area  and  volume  of  Dowpac  can  bo 

calculated,  as  well  as  tho  pump  capacity.   The  Dowpac  is 

located  over  the  oxidation  tank  rnd  tho  waste  passed  over  it. 

If  a  typical  activated  sludge  process  is  to  bo  used, 
involving  wasted  sludge,  then  tho  daily  weight  of  oxygon  nooded 
is : 

w  =  0.37V  +  f(0.6ju) 
Whero  W  is  tho  weight  of  oxygon  to  bo  dissolved,  V  is  tho 
ultimate  weight  of  BOD  per  day,  and  F  is  tho  fraction  of 
ectivated  sludge  returned  to  tho  aeration  tank. 

Thus  it  is  possible  to  actually  design  a  biological 
oxidation  systom  in  terms  of  BOD  just  as  soundly  as  a  struc- 
tural borm  can  be  dosignod.  No  longer  is  thore  need  for 
such  parameters  as  cubic  foot  of  air  par  gallon  rnd  pounds 
of  BOD  por  1000  cu.  ft.  Further,  Dowpac  HC3  has  no  maintenance 
problem,  nor  replacement  problem,  and  there  is  no  submorgod 
equipment. 
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It  la  possible  for  organic  food  wastes  to  bo 
completely  decomposed  without  a  sludge  problem,  and  to 
produce  en  acceptable  effluent  at  the  minimum  annual  cost 
of  crpitnl  investment  and  oporrting  oxponso. 
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BIO-OXTDATIVE  TREATMENT  OF  DAIRY  WASTES 
Dr.  Nandor  Porges 
Supervisory  Chemist,  U.3.  Dept.  of  Agriculture. 
Philadelphia ,  Pennsylvania 


"Deoxygenating  wastes  consist  of  all  wastes  which  react  with 
the  oxygen  dissolved  in  the  receiving  body  of  water  and  deplete  or  tend 
to  deplete  the  amount  of  oxygen  available  for  normal  aquatic  life."   So 
stated  DeLaporte  at  the  First  Ontario  Industrial  Waste  Conference  (1). 
Such  a  waste  originates  in  the  dairy  and  milk  orocesslng  industry. 
Aerobic  treatment  is  generally  used  for  the  disposal  of  dairy  wastes 
because  these  wastes  have  a  low  concentration  of  solids  and  a  high  oxyge- 
demand.   There  Is,  however,  a  record  of  failure  as  well  as  of  success 
with  aerobic  treatment,  end  the  underlying  reason  for  the  failures  has 
been  the  lack  of  basic  information  on  the  aerobic  process. 

This  report  to  the  Conference  presents  results  of  our  labora- 
tory investigations,  and  contains  basic  information  on  the  conversion  of 
dairy  waste  by  aerating  sludge  and  on  the  oxygen  requirement  during  the 
process.   Much  of  the  information  may  be  applicable  -to  other  waste.   De- 
tails are  available  in  various  publications  and  have  been  summarized 
(12,  13,  14-,  16). 

Milk  Waste 

Milk  losses  are  inevitable.   Under  good  housekeeping,  1%   is  a 
low  operating  loss,  although  as  much  as  Jfi   or  more  of  the  milk  or  its 
equivalent  may  be  found  in  the  waste.   Thus  a  plant  handling  150,000 
pounds  of  milk  dally  will  discharge  a  minimum  of  1,^00  pounds  fluid  mil-; 
containing  150  pounds  milk  solids.   Wash  and  cooling  waters  dilute  this 
loss  so  that  the  dairy  waste  contains  only  0.1$  solids  giving  a  concen- 
tration of  1,000  parts  per  million  (ppm) .   The  biochemical  osygen  demano 
(BOD)  would  be  about  800  ppm,  while  the  chemical  oxygen  demand  (COD)  is 
around  1,000  ppm  (9).   Thu  daily  Dollution  load  from" such  a  milk  plant 
would  equal  that  of  a  community  of  at  least  kj>0   people. 

The  soluble  solids  in  dairy  waste  serve  as  an  excellent  nutr- 
ient for  microbial  growth  as  they  contain  about  53$  lactose,  35;£  protei" 
and  necessary  salts.   Extreme  precautions  are  necessary  to  avoid  the  ob- 
noxious conditions  so  generally  known.   An  understanding  of  the  biochem- 
istry of  the  treatment  process  would  help  produce  desirable  effluents. 

Gross  Changes  During  Aeration 

The  problem  was  apDroached  as  one  of  aerobic  fermentation  of  a 
very  dilute  solution.   A  laboratory  fermentor  was  u?ed  throughout  these 
studies  (7).   The  device  allows  excess  agitation  end  aeration.  ■  Melodor:? 
were  absent  when. a  simulated  waste  made  from  skim  milk  was  fed  continu- 
ously at  the  rate  of  one  liter  per  hour  into  20  liters  of  aerpting  solu- 
tion.  Examination  of  the  non-settled  mixed  effluent  showed  that  about 
1+0  to  t>°%>   of  the  COD  had  disappeared.   More  detailed  analysis  showed  tLa 
all  the  protein  (determined  as  nitrogen)  of  the  added  waste  was  now  in 
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the  cell  or  sludge  solids.   Further,  kk   units  of  the  original  eerbohv- 
£2  unirteRCn0rlete^  Sone  whiXe  9  units  were  used  as  cell  Sube^nc^f 
Of  88  units  of  organic  matter  in  the  *aste,  one-half  hRd  dlsanoeared 

SfttaTSKf  rfMJned  aa  "J1  ■«*•*•»».     Similar  rSEuTKK  obeW 

if"2?  01   aerator  cape-city  served  as  seed  while  waste  was   added   so 

solids  f!;i  Plled  'n  *  hours'      The   se*d  contained  about  fooVS 

soiias.      Alter  two  hours   there  was  a   ranid  daerpaqp  of   t-ot-oi    Air„™ 

demanding  material  until  by  the  sixth  Sr  tSSTS.  J»5 rtouflo*  of 

wntrSe  SIIT  l?  £?"  pr.1!lMl  veate  (5>-     R9mo"a!  of  Sills  1/  °f 

centrl.uge  gave  a  solution  with  only  about  10?  of  the  original  COD. 

Oxygen  Uptake 

iU;nf  nfe8Ch  cese  betw^en  32  and  tql  of  the  total  theoretical  reaui red 

amount   of   oxygen  was   used.      The   COp   formed  in  each  vessel  was    equivaSnt 
Jfld   hLn2  removed'    Jurther  analysis   showed  that  all   soluble  material 

solution  elated  ^tfPCt  iVat/10  °ther  products  «ere  found  in  ti'e 
solution  suggested  that  aerobic  treatment  of  dairy  waste  must   occur  thus: 

Milk  solids  /  02  >,     sludge   cells  /  C02  /  H20 

Composition  of   sludge 

cal  analvala^?8™!!*;1!1?*  consl^ratl™  of  this  system  required  a  chemi- 

1    n  Vli  ?   eli8  aa  Wel1  as  of  tne  ingredients  utilized  by  the 
cells.   Dried  sludge  and  casein  were  analyzed.   The  earairioa]  formal** 
and  mole  weights  were  calculated  and  are  shown  in  Table  l7  The  «h  con- 

?L  nUd?e.,ha8  b!en  fitted  but  when  this  is  taken  into  conaidere- 
LS  NO   "IJ?^"  weight  beoonea  124  units  instead  of  113  as  shown  for 

d7  2;hpiVhe  analytical  data  in  the  table,  and  information  oollec- 
estabLsSed  (SK^  apparatas'  ••***»  bio-chemical  relationships  Sere 

Removal  of  Lactose 

In  the  presence  of  a  nitrogen  source  lactase  i<,  wfliiv  r.=» 

5TSo£!SJ0itti2JiSV,~t,d  alud*s-  If  -^'L'^xidation'of'Lct8: 

!Pt«??Li   could  be  represented  by  the  well  known  equation  showing 
that  all  carbon  is  oxidized,  leaving  none  for  the  cells:        snowing 

C12H22°11'H2°  /  12  02 -r   12  C02  /  iz   H20  or 

(CK20)    /  C2 --   C02   /  H20 

leri?-'neended?6r  ^  °btpln  thS   5   °arb°^   ln  th*   «■"■«.    5   sugar  partic- 
5    fCHgO)    /  NH3 ™   C5H7N02  /  3  H2C 
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But  the  Warburg  studies  showed  that  only  about  }f .^%   of  the  theoretical 
amount  of  oxygen  was?  used;  thus  burning  up  three-eights  of  available 
sugar  to  C02  and  water,  while  the  remainder  was  incorporateu  into  cell 
substance.   The  utilization  of  sugar  in  the  presence  of  NH-'  for  cell 
synthesis  must  be  therefore:  * 

a  (OHgO)  /  3  o2  /  mh3  — — ->  Q3u7mB  /  3  go2  /  6  H£0. 

Removal  of  Protein 

Similar  reasoning  showed  how  the  casein,  CjjE, oHoO* .  was  used 
by  sludge  organisms.   Theoretically,  complete  oxiaatlori  would  bo: 

CSH12N2°3  +  &   °2 ->  3  C02  /  2  M3   /  3  H20 

Manometrlc  date  again  showed  that  only  3  of  the  carbons  were  comoletely 
oxidized.   Tnus  casein  was  removed  from  solution  for  assimilation  and 
oxidation  in  this  manner: 

CgH12N203  /  3  02 — >  C5HyN02  /   NH3  /   3  C02  /  K20. 

Removal  of  Skim  Milk  Organlcs 

From  the  above,  a  mole  of'  organic  cell  substance  of  113  unit? 
may  be  iormed  from  240  units  of  sugar  or  Uk   units  of  casein.   Fortun- 

<?,  '  mhls  aPProximated  the  proportions  of  sugar  and  protein  in  skim 
milk.   Tnis  permitted  the  addition  of  the  two  equations  to  eive  one 
equation  for  the  assimilation  of  skim  milk: 

6  (CK20)  /  GgHiaHg03  /  6  02  -—-,..  2  O^Og  /  6  00g  /  7  H20 

The  nitrogen  required  for  sugar  assimilation  is  supplied  by  the  o^otelr, 
inereiore,  226  unite  of  organic  cell  material  may  be  produced  from  424 
units  of  organic  milk  solids,  showing  about  bl%   conversion  to  cells 
The  same  value  is  obtained  even  when  the  ash  and  moisture  content  of  tl --■ 
dried  milk  ana  of  the  sludge  are  taken  into  consideration.   This  approx- 
imates the  values  observed  in  many  experiments. 

Endogenous  Respiration 

Starving  or  unfed  cells  also  have  an  oxygen  demand  and  the 
Warburg  studies  showed  that  the  organisms  oxidized  themselves  thusly: 

C5H7N02  /  5  02 *»  5  C02  /  NH3  /  2  H2C. 

In  order  to  completely  oxidize  113  units  of  cells,  there  are  required 
lbO  units  of  oxygen.   This  endogenous  respiration  goes  on  very  slowly. 
SnninS  M^f8,'  10  microliters  of  oxygen  were  used  per  mg  of  cell  per 
SSEiiJEi'  ITf- \^"3  mlcro^aras  0±>  oxygen,  and  from  the  equation  of 
endogenous  respiration,  represented  a  destruction  of  10.2  micrograms  o" 
cell  substance,  an  amount  equal  to  about  1%   of  the  original  weiSht  of  ' 
cells.   Rates  as  high  as  1.25#  were  observed  in  field  trials.   Lower 
rates  may  be  anticipated  as  the  more  easily  oxidized  materials  are  used 
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Rate  of  Oxidation 

Polarographic  studies  showed  that  an  oxygen  concentration  of 
O.35  to  0.5  ppm  was  necessary  to- maintain -aerobic  conditions  (g).   When 
500  ppm  sludge  were  treated  with  milk,  the  rate  of  oxidation  was  con- 
stant above  a  milk  concentration  of  100  ppm.  The  speed  of  milk  oxida- 
tion was  related  to  the  cell  concentration.   If  the  cell  concentration 
is  doubled,  milk  oxidation  should  teke  half  as  long,  but  the  same 
amount  of  oxygen  would  be  required.  After  assimilation  was  completed, 
the  rate  of  oxygen  demand  by  endogenous  respiration  alone  continued  at 
one-tenth  the  rate  required  during  assimilation. 

Application  of  Data 

From  the  data  presented  to  this  point,  Information  is  avail- 
able on  the  amount  of  oxygen  required  for  complete  oxidation  of  a 
waste,  the  amount  required  during  the  rapid  assimilation  process,  and 
the  amount  required  for  endogenous  respiration.  .  The  rate  at  which  oxy- 
gen is  used  by  the  sludge  during  assimilation  and  during  endogenous 
respiration  is  also  known.   In  addition,  the  amount  of  new  solids  pro- 
duced can  be  calculated  as  well  as  the  time  required  for  such  produc- 
tion. 

Table  II  following  shows  calculations  made  for  a  single  feed- 
ing of  100  lb  of  milk  solids  at  1,000  ppm  concentration  when  acted  upon 
by  500  ppm  active  sludge. 

TABLE  II 

Calculations  for  Oxidation  of  100  lb  of  Milk  Solids  (1,000 
ppm  Concentration)  by  50  lb  of  Active  Sludge  (500  ppm  concentration) 


Assimilation   Endogenous   Total 
Phase       Respiration 


Oxygen  Required 


Per  Cent  -37.5           62.5     100.0 

Pounds  45.3           76.!     121.n. 

Pounds  per  hour  7.5            O.75 

Time  required  (hours)  6 

New  Cells  produced  (pounds)  50 

Cell  solids  oxidized  (per  cent 

per  hour)  O.5-I.O 

Non-Accumulation  of  Sludge 

A  study  of  the  above  tabulation  shows  that  conditions  may  be 
established  favoring  nonaccumulatlon  of  sludge.   If  It  Is  assumed  that 
2,500  ppm  sludge  solids  are  in  an  aerator  and  endogenous  respiration 
proceeds  at  lj*  per  hour,  a  total  of  20#  or  500  ppm  will  disappear  in 
24  hours.   The  addition  of  1,000  pom  of  skim  milk  will  produce  500  ppm 
of  new  cells  to  replace  the  aiiiount  destroyed.   In  this  way,  It  is 
theoretically  possible  to  maintain  a  constant  level  of  sludge  while  des- 
troying waste,   Kountz  has  successfully  applied  this  principle  to 


59. 

industrial  installations  (10,  11). 
Purification 

Actually,  the  process  is  more  than  the  simple  assimilative 
oxidation  of  organic  matter  with  subsequent  oxidation  of  the  cells  by 
their  own  endogenous  respiration.   The  rate  of  purification  or  removal 
of  waste  from  solution  is  much  greater  than  the  rate  of  oxidation,  as 
shown  so  well  by  Gellman  and  Heukelekian  (3).   They  found  the  average 
rate  of  purification  for  seven  industrial  wastes  to  be  six  times  the 
rate  of  oxidation.   Our  studies  showed  that  when  1,000  ppm  simulated 
milk  waste  were  added  to  1,000  ppra  sludge  in  a  single  dose,  purifica- 
tion rates  were  ten  or  more  times  greater  than  oxidation  rates  (6).   In 
30  minutes,  one-half  of  the,  oxygen  demanding  substances  was  removed 
from  the  waste.  According  to  the  above  equations,  the  expectation 
would  be  that  the  removal  of  nutrients  would  be  eight-thirds  or  2.67 
times  the  rate  of  oxidation.   Gellman  and  Heukelekian  obtained  such 
values  for  some  wastes,  but  wider  ratios  were  obtained  with  higher  car- 
bohydrate-type wastes.   Since  oxidation  does  not  occur  immediately, 
material  is  apparently  accumulated  for  subsequent  oxidation. 

Storage  and  Oxidation 

Further  study  with  dairy  waste  showed  that  purification  con- 
sists of  several  interrelated  processes:   removal  from  solution,  syn- 
thesis, storage,  and  oxidation  (15).   A  glycogen-like  substance  was  the 
major  storage  product  and  was  readily  oxidized.   It  was  estimated  that 
during  purification  an  active  aerated  sludge  may  store  as  much  as  50$ 
of  its  own  weight.  One  would  then  anticipate  that  rapid  and  comolete 
purification  could  be  accomplished  in  about  20  to  30  minutes  if  1,000 
ppm  of  soluble  organic  substances  were  mixed  with  3,000  ppm  well  aerated, 
starved  sludge.  The  loaded  sludge  could  be  removed  leaving  a  clear  ef- 
fluent. The  concentrated  sludge  may  be  aerated  to  burn  the  stored  mat- 
erial.  The  starved  cells  may  be  reused  for  seed  or  a  portion  of  the 
loaded  sludge  may  be  disposed  of  by  other  means.  Eckenf elder  and  assoc-. 
iates  have  applied  this  process  of  purification  and  aeration  of  sludge 
slurry  to  various  organic  wastes  (2). 

Summary 


li 

The  high  rate  of  oxygen  utilization  during  assimilative  growth  must  be 
satisfied  to  prevent  obnoxious  conditions.  This  phase  of  assimilation 
requires  at  least  37.5$  of  the  total  oxygen  demand  within  a  relatively 
short  period  depending  upon  the  concentration  of  the  sludge  end  of  the 
solids. 


respira' 

nlficai 

amount  to  as  much  as  20%   of  the  sludge  weight, 

Equations  of  assimilation  and  endogenous  respiration  showing 
these  changes  have  been  developed  and  detailed  data  are  presented. 


The  biological  treatment  Is  a  complex  process  of  water  puri- 
fication involving  the  multifold  activities' of  microorganisms.   Waste 
removal  is  a  combination  of  cell  synthesis,  conversion  for  temporary 
storage,  and  oxidation.   Application  of  basic  information  on  synthesis , 
storage,,  and  oxidation  should  be  .of  prime  consideration  in  designing 
biochemical 'treatment  Giants  for  waste  disposal. 

References 

1.  DeLaporte,  A.  V.  Dooxygenating  Wastes.   First  Ontario  Industrial 

Waste  Conference,  p  36-39.   June  !$$%< 

2.  Eckenfelder,  W.  V.'.,  Jr.,  end  O'Connor,  D.  J.   The  Aerobic  Biologic- 

al Treatment  of  Organic  Wastes.   Proc.  9th  Ind.  Waste  Conf/, 
Purdue  Univer.  ,  p  512-530  (1954) 

3.  Gellman,  I.,  and  Keukelekien,  H.  Studies  of  Biochemical  Oxidation 

by  Direct  Methods.  III.  Oxidation  and  Purification  of  Indus- 
trial Wastes  by  Activated  Sludge,  Sewage  and  Ind.  Wastes  25: 
1196-1209.   (1953). 

k.      Hoover,  S.  R. ,  Jaeewicz,  L. ,  Pepinsky,  J.  B. ,  and  Porges,  H,   Assim- 
ilation of  Dairy  Wastes  by  Activated  Sludge.   Sewage  and  Ind. 
Wastes  23:  167-173.   (1951). 

5*   Hoover,  S.  R.  ,  Peplnsky,  J..  9.,  Jasevicz,  L.  ,  and  Porges,  N. 

Aeration  as  a  Partial  Treatment  for  Dairy  Wastes.   Proc.  6th 
Ind.  Waste'  Conf. ,  Purdue  Univ.  313-319.'  (1951). 

6.  Hoover,  S.  R. ,  Jasewicz,  L. ,  and  Porges,  N.   Biochemical  Oxidation 

of  Dairy  Wastes.   Relationship  Between  the  Rate  of  Purification 
and  Rate  of  Oxidation  and  Graphical  Estimation  of  First  Order 
Velocity  Constants.   Proc.  9th  Ind.  Waste  Conf.  Purdue  Univ., 
71-79.  (195*0. 

7.  Hoover,  S.  R. ,  and  Porges,  N.   Treatment  of  Dairy  Waste  by  Aeration. 

II.  Continuous  Aeration  Studies.  Proc.  5th  Ind.  Waste  Conf., 
Purdue  Univ.,  137-3M.   (19^9). 

8.  Hoover,  S.  R.  ,  and  Porges,  N.  Assimilation  of  Dairy  Wastes  by 

Activated  Sludge.  II.  The  Equation  of  Synthesis  and  Rate  of 
Oxygen  Utilization.   Sewage  and  Ind.  Wastes,  2*+:   306-312.  (1952) 

9.  Hoover,  S.  R. , and  Porges ,  N..  Treatment  of  Dairy  Waste  by  Aeration. 

U.S.  Dept.  Agr.  Bur.  Agr. ,  end  Ind.  Chera. ,  AIC-332  (ERRL)  7pp. 
Mar.  1952. 

10.  Kountz,  R,  R. ,  Big  Problem:  Dairy  Wastes,   Striking  Solution:   Bio- 

Oxidation.   Food  Eng.  ,  26  (10):  69-90.   (195I+). 

11.  Kountz,  R.  R. ,  Dairy  Waste  Treatment.   J. Milk  and  Food  Tech.,  IS: 

2^3-2^5.   (1955). 

12.  Porges,  N. ,  Rapid  Blo-Oxldation  Method  .of  Waste  Disposal.  1955. 

Proc.  of  Am.  Soc.  3rowing  Chem.  p  56-6M-. 


61. 

13.  Forges,  N.  ,  Waste  Treatment,  by  Optimal  Aeration  —  Theory  and 

Practice  In  Dairv  waste  Disposal.   J.lillk  and  Food  Tech., 
19:  3l^-3S.   (195o). 

14.  Forges,  N. ,  Jasewlcz,  L. ,  and  Hoover,  S.  R. ,  A  I'ilcrobtologicpl 

Process  Reoort.   Aerobic  Treatment  oi"  Dairy  Wastes.   Applied 
Microbiology,  1:  262-27C   (1953). 

15.  Porges,  N.  ,  Jasewicz,  L.  ,  and  Hoover,  S.  R.-  Biochemical  Oxidation 

of  Dairy  Wastes.   VII.   Purification,  Oxidation,  Synthesis  and 
Storage.  Proc.  10th  Ind.  Waste  Conf .  ,,  Purdue  Univ.,  135-146 

(1955). 

16.  Porges,  N.  ,  Jasewicz,  L. ,  and  Hoover,  S.  R. ,   Principles  of  Biolog- 

ical Oxidation.   Presented  at  Conference  on  Biological  Waste 
Treatment,  Manhattan  College,  April  1955' 


TABLE  I 


Analytical  and  Empirical  Composition  of  Milk 
Ingredients  and  Sludge 


Composition  in  % 

Carbon 
Hydrogen 
Nitrogen 
Oxygen 


Lactose 


39-  9S 

6.72 
0 
53.30 


Ratio  of  Atoms  =  %   /atomic  weight 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 

Formula: 

Mole  Weight 


3-33 
6.71 

0 

3-33 

'l2H24°l2 
360 


Casein 


Sludge 


52.  S5 

15.12 
24.76 

42. 

5- 
11. 

27 

26 
69 

27 
00 

4.4-0 
6.43 
I.OS 

1.55 

3 

5 

0 

1 

SI 

69 

C£H12N2°3 

C5H7K>g 

184 


113 
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Aeration  may  be  broadly  defined  as  an  Interphase  mass  trans- 
fer process.  A  summary  of  the  transfer  mechanism  is  presented.   Detail- 
ed discussions  of  the  mechanism  can  ba  found  in  the  cited  references 

l-L  -  O)  . 

Theory 

Mass  transfer  by  diffusion  occurs  between  two  phases  when  a 
driving  force  is  created  by  a  departure  from  equilibrium.   This  driving 
force  is  a  partial  pressure  gradient  In  the  gas  phase  and  a  concentra- 
tion gradient  in  the  liquid  phase. 

+■  -,<  In  aeration  processes  mass  transfer  by  diffusion  occurs  from 
gas  to  liquid  (absorption)  or  from  liquid  to" gas  (stripping)  until  a 
dynamic  equilibrium  Is  established.  Mass  transfer  occKre  through  lamin- 
ar films  at  the  gas  and  liquid  interfaces  and  through  the  turbulent  body 
of  fluid  such  that  molecular  and  eddy  diffusion  processes  will  pxlst  in 
series.  Each  of  these  diffuslonal  resistances  will  vary  with  fluid 

Present  methods  of  calculation  consider  the  entire  transfer 
insistence  to  exist  in  the  laminar  boundary  layer  across  which  molecu- 
lar diflusion  occurs  so  that  it  is  necessary  to  interpret  the  nature  of 
these  boundary  layers. 

r  <  t  ^,The  5oundpry  layers  may  be  considered  as  hypothetical  inter- 
racial films  of  gas  and  liquid  which  provide  a  barrier  to  diffusion 
These  films  exist  only  in  a  statistical  sense  and  may  be  considered'as 
a  diffuse  layer  of  varying  concentration  from  saturation  at  the  inter- 
face to  the  bulk  fluid  concentration  some  distance  from  the  interface. 
This  distance  depends  upon  fluid  characteristics. 

^Xt  le,   assumQd  that  r  dynamic  equilibrium  is  established  at 
the  Interface  (e.g.  for  each  molecule  which  diffuses  from  gas  to  liquid 
one  counter  diffuses  from  liquid  to  gas).   Since  no  concentration  build- 
up will  occur  at  the  interface  itself,  the  diffuslonal  resistences  may 
be  considered  in  series  and  the  controlling  rate  will  be  that  which  of- 
fers the  greatest  insistence  to  diffusion.   It  can  be  established  from 
theoretical  considerations  that  In  the  absorption  or  stripping  of 
slightly  soluble  gases,  such  as  oxygen  and  carbon  dioxide  in  water  the 
greatest  resistance  occurs  in  the  liquid  film  while  in  the  absorption 
or  stripping  of  highly  Boluble  vapors,  such  as  acotone,  the  gas  film 
rosistence  will  control.  '     & 

f  ,„    u  9avern,l  f°ncePts  have  been  developed  to  define  the  mass  trans- 
fer mechanism.  Whitman  (1)  proposed  a  two-film  theory  which  may  be 
defined  by  the  equation:  f 
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a?  --  V(ps  "  V  '  kLA  (0s  -  °l»         (1> 


The  liquid  film  coefficient  kL  is  defined  as  the  liquid  dif- 
fusivlty  divided  by  a  hypothetical  film  thickness  x. 

Dankwertz  (6)  defined  the  liquid  film  coefficient  as  the 
square  root  ofjjhe  product  of  the  diffuelvlty  and  the  rate  of  surface 
renewal  (kT=/J"r7p  ).   The  rate  of  surface  renewal,  r,  may  be  consider- 
ed as  the   frequency  with  which  fluid  with  a  solute  concentration  Ct 
is  replacing  fluid  from  the  Interface  with  a  concentration  C  . 
This  establishes  a  layer  with  an  equilibrium  concentration  C  .at  the 
interface  and  a  concentration  CL  in  the  bulk  of  solution.      The 
thickness  of  this  layer  (analogous  to  film  thickness  in  two  film  theory 
will  vary  with  fluid  turbulence.   It  becomes  apparent  that  increasing 
the  frequency  of  interfaclal  renewal  must  decrease  the  hypothetical 
film  thickness  thereby  decreasing  the  distance  ovor  which  laminar  dif- 
fusion must  occur.   This  results  in  an  increase  In  k,  . 

Considering  the  liquid  film  resistance  Equation  (1)  may  be 
re-expressed  in  concentration  units. 

1/V  dw/dt  =  d°/dt  =  kLp  (Cs  "  °L)       (2) 
where  k  a  =  kLA/V  (3) 

ky a  is  i  function  of  the  variables  previously  defined  and  can 
be  related  to  an  exponential  function  of  the  Reynolds  and  Schmidt 
numbers  through  dimensional  analysis.   The  Reynolds  number  accounts  for 
the  influence  of  turbulence  and  the  Schmidt  number  the  influence  of 
diffuslvity.   High  values  of  k^a  are  indicative  of  efficient  aeration. 

The  gas  film  coefficient  kga  can  be  correlated  In  nn  analog- 
ous manner.   These  mechanisms  are  illustrated  in  Figures  1  and  2. 

Aeration  Applications 

Since  the  equilibrium  concentration  of  carbon  dioxide  In 
water  is  only  0,5  ppm  at  20°C,  concentrations  in  excess  of  this  can  be 
removed  by  aeration.   The  mass  transfer  is  assumed  to  be  liquid  film 
controlled.   In  unoublished  studies,  Rlddick  (7)  obtained  95^  CO^ 
removal  after  15  minutes  aeration  from  an  initial  concentration  *~of  90 
ppm  kL,a  was  of  the  order  of  20/hr  with  an  air  flow  of  120/cc/min/llter. 

Cyanide  In  acidic  solution  will  be  removed  by  aeration. 
Cooper  (8)  showed  &&$   removal  of  HCN  from  an  initial  concentration  of 
6l0  ppm  after  100  hours  aeration  at  an  air  flow  of  6S  cc/min/liter. 
The  transfer  coefficient  was  of  the  order  of  0.02/hr. 

Removal  of  dilute  aqueous  solutions  of  volatile  solvents  by 
aeration  Is  gas  film  controlled,   In  laboratory  studies  the  transfer 
coefficients  obtained  ranged  from  0.0l6/hr  for  alcohol  at  21°C  and  an 
air  flow  of  275  cc/min/liter  to  1.70/hr  for  methylethyl  ketone  at  70°C 
and  to  cc/mln/llter.  {9) 


FIGURE  1 
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In  biooxidation  processes  oxygen  dissolved  In  the  liquid 
further  diffuses  into  the  microbial  cell  where  it  is  consumed  in  the 
respiration  process.   To  account  for  this  oxygen  consumption  Equation 
(2)  must  be  modified: 

d°/dt  -  kLa  (cs  "  GLJ  -  krSa  (k) 

Normal  biological  waste  treatment  plant  operation  approaches 
a  steady  state  condition  where  the  dissolved  oxygen  level  in  the  aera- 
tion tanks  is  maintained  substantially  constant  and  Equation  (k)   may 
be  expressed: 

kLa  <Cs  ~  CL>  *  V^  (5) 

The  Mass  Transfer  Coefficient  k]_,a 

kLa  Is  a  function  of  bubble  size  and  interfaclal  area  volume 

of  liquid  under  aeration,  time  of  contact  of  air  with  liquid,  tank 

depth,  agitation  intensity  and  other  physical  and  chemical  variables 

characteristic  of  the  system.  These  various  factors  will  be  discussed 

particularly  as  they  relate  to  the  design  and  operation  of  waste  treat- 
ment processes. 

kL,a  can  be  expected  to  Increase  with  increasing  air  rate  due 
to  an  increase  in  available  interfaclal  area  and  in  increase  in  fluid 
turbulence.   The  bubble  size  released  by  n  diffusor  will  vary  from  1  - 
100  times  the  orlface  diameter.   Bubble  diameters  for  conventional  dif- 
fusion equipment  will  vary  from  l.g  -  4.0  mm.   The  bubble  is  formed  in 
less  than  0.1  seconds  and  steady  state  conditions  exist  0.01  seconds 
after  the  film  formation.   Air  flow  rite  for  a  diffusion  device  under 
specific  operating  conditions  can  be  related  to  kT a  by  the  exponential 
function.  u-  r 

*L«  =  C  Gsn  (6) 

n   *n    Hixon  and  Gaden  (10)  found  a  range  in  the  exponent  n  of  0.33 
-  0.82  over  a  wide  range  of  bubble  fineness  and  dispersion.   The  fine 
bubble  dlspersers  produced  higher  transfer  at  low  air  rates  (larger 
interfaclal  area)  while  higher  transfer  was  obtained  from  the  large 
oubble  spargers  at  high  air  rates  (Increased  turbulence).   The  gas  rate 
exponent  n  for  moat  commercial  diffusion  devices  varies  from  0.6  -  0.9, 

As  the  liquid  head  above  a  diffusion  unit  is  increased  the 
total  percentage  of  aosorption  will  increase  and  the  transfer  coeffic- 
ient kLa  will  decrease.   Absorption  occurs  during  bubble  formation 
during  the  rise  of  the  bubble  through  the  liquid  and  by  the  bursting 
oi  the  bubble  at  the  surface  and  surface  turbulence.   The  first  and 
third  absorption  phases  may  be  considered  as  end  effects  and  will  be 
substantially  independent  of  liquid  deoth.   Overall  transfer  during 
bubble  rise  has  been  found  to  vary  from  6-12  percent  per  foot  of  rise 
through  the  tank  liquid.   (12)   Exponential  relationships  between  ab- 

??£?  /?l?\nn2  tank  dapth  hnve  beon  developed  by  several  Investigators. 
U.5)  (14)   Considering  end  effects  absorotion  can  be  related  to  depth 


f   A 

through  the   correlation;  * 

kLa/0Bn  =      C    (cl/d   -   1)  (7) 

While  an  increase   In  temperature   tends   to  lower  the  overall 
absorption  rate  due  to  decreased  oxygen  solubility?  kT Twill   iSoSeeaJ 
with  temperature  due   to  an  increase   in  the  diffusivity  of  oxygen  in 
water  and  to  an  increasing  turbulence  due   to  a   reducing  visco!l?v     (W 
lauttrnlatl0n8hip  may  be  messed  by  a  n.odified'sSef  I  lineteYn    W) 


Equation: 


(8) 


kLa(T2)  f     Tg       Ui 

inon  lMii    Kh6^I  T  ls   aOGolute   temperature  and  U  is  viscosity     ki  a  at 
10  G  will  be   S6  percent   and  at   }0oC ,    1$  perCent   of  the  rate' aMo§C. 

rived  by  HasS   (5S  ta5w  gnff^ffiRft  S"?^ 
mew    (20).  ^x';'    veiz    (liS>  >    K1ItS    (13)   and  Bartholo- 

solute  temperature     ^J5ficlent  wil1  ™*V  ■■   the   square  root   of  the  ab- 

will  vary  f^tSt^n^^iS?   caP8City  °f  sewa^e   and   Industrial  wastes 
vlscolity.      §od SSfJ^^JS!?^  *?  chanSas  ln  ?«rf*o«   tension  and 


iterfacial 
added  sur- 


es  with  decreasing  sur-fao^ tenal  n,    ther  Sy  in  re^lng^the  ?ni 

tlmaa      fPSl     §i....t\.         8!  effective  bubble   size  as  much  as  100 

eSea  a  change   in  bSbb°leVal  .r?.0"  th9  aer?tl0n  0f  ^P*0"6   End  "»nd.t. 

active  acenta     inm»fl«i%?Jf     ?  y',(    3)      In  the  P^sence   of  surface 
al  rite  SxSrt'a  SSm?pS   i?ii    U8l0nal  r08lstence  and  lower  surface  renew- 
al area?  S       t6r  lnflue«ce  on  *La  than  the   increase  in  interfac- 

water,    a   coSffSjSntVSS^flSSd  It^^JPfVl?   "V^1   ln 
in  water  under  specified  o^atitfL   !  Sf*f       °  of  kLa   ln  waste   to  that 

1.0  in  water  ?o0?f  in  ?hePpresenLn?PRl0na-    ,*  WlU  *««•*"«  fron. 

centrations   of   10u6  ^m  SedSSeC     £ynch  Jgd  Saw?eS  ?!&    fPepi°ne   C°?" 
atlon  in  °r  of  0  ^  -  i    in  wnv,  e;n       ^y110/1  ana  Sawyer   (25)    found  a  vari- 

commercial  de t ergents       Addition  o?Pa   ?fl7^°Ufl   a^°nl°  and  "<»*onlo 

the  absorption  rite  by  35  percent        Kehv    t??^   antifoam  ^  Water  reduced 
in  stream  reaeration  in   the   o?esence   of   nif}    8h°Wed  a/eduotlon   ln  kLa 
and  raw  and  treated  sewage     prSSence  of   olla'    aoaPa  and  organic  acids 


0  Itf  for  fScf,n8lve   atudiea  by  KlnS    U3)    showed^  to  vary 
0.46  for  fresh  sewage  and  from  0.1?   -  0.19  for  septic  eew 


from  0.26   - 
ewage . 
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<--\  was  found  to  be  C.6,  0.7  end  1.4-  for  chipboard  repuloing 
wastes,  Kraft  Mill  mixed  wastes  and  semichemical  paper  machine  wastes 
respectively. 

Blooxldetion  which  alters  the  physical  end  chemical  proper- 
ties of  waste  mixtures  modifies  <•-<  to  a  value  approaching  that  of.  water. 
In  activated  sludge  treatment  of  domestic  sewage^'  Increased  from  O.72 
to  0.90  after  4  hours  of  aeration. 

Treatment  of  Kraft  Mill  waste  increased  v  from  0.4-5  to  O.79 
after  3  hours  of  aeration  with  activated  sludge. 

High  mixed  liquor  solids  concentration  In  activated  sludge 
processes  reduce  k^a  by  altering  the  physical  properties  of  the  aerati^ 
medium.   In  the  presence  of  10,000  ppm  sludge  solids  absorption  was  cnl:: 
1/5  that  in  pure  waste.  (27) 

Measurement  of  k^a 

Overall  transfer  coefficients  can  be  determined  by  one  of 
several  procedures.   These  include  the  sulfite  oxidation  test,'  non- 
steady  state  transfer  in  deaerated  water  and  steady  and  non-steady  state 
transfer  in  sludge-liquid  systems. 

Sulfite  Oxidation  (2S)  (29)  (30) 

In  the  presence  of  copper  or  cobalt  salts  which  act  as  cata- 
lysts, the  reaction  between  sulfite  ion  and  oxygen  or  air  proceeds 
rapidly  and  irreversibly  to  completion  in  aqueous  solution.   The  rate 
of  the  chemical  reaction  Is  considerably  more  rapid  than  the  absorption 
of  oxygen.   The  rate  in  Independent  of  sulfite  ion  concentration  above 
approximately  2000  ppm. 

Water  or  waste  is  prepared  0.2N  in  sulfite  ion  and  10~3  molar 
in  cuprlc  Ion  (Cobalt  may  be  substituted  for  copper).  Air  is  applied 
at  predetermined  rates  and  samples  withdrawn  at  periodic  time  intervals 
(3  -  20  minutes)  depending  on  the  air  flow  and  absorption  rate.   The 
rate  of  oxygen  absorption  ia  measured  by  determining  the  difference  be- 
tween the  onoxidized  sulfite  ion  concentration  before  and  after  aeration 

An  aloquot  sample  depending  on  the  unoxidized  sulfite  ion  con- 
centration is  pipetted  into  each  of  two  flasks  containing  50  ml.  of  0.1 
iodine  solution.   During  the  transfer  the  tip  of  the  pipette  should  be 
held  close  to  the  surface  of  the  iodine  solution  to  avoid  aeration.   The 
unoxidized  sulfite  ion  is  then  determined  by  an  lodlometrlc  procedure  o.; 
back  titration  with  standard  thiosulfate  solution  to  a  starch  indicator 
endpolnt.   To  minimize  sulfite  oxidation  during  transfer  the  pipettes 
should  be  rinsed  with  distilled  water  and  flushed  with  nitrogen  from 
2-3  minutes  prior  to  sampling. 

Results  are  expressed  as  ppm  Op  absorbed  per  hour  which  is 
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Non-Steady  State  Aeration 

Overall  transfer  coefficients  may  be  determined  by  non-steady 
state  aeration  under  standard  conditions,  in  which  the  transfer  rate  is 
computed  from  the  change  in  oxygen  concentration  of  the  samole  under 
aeration. 

The  dissolved  oxygen  oresent  in  the  sample  is  stripped  with  a 
nitrogen  purge.   Air  is  then  diffused  into  the  sample  at  a  specified 
rate  and  the  dissolved  oxygen  concentration  measured  at  selected  time 
intervals  until  the  sample  is  approximately  90  percent  saturated. 

The  transfer  plot  may  be  obtained  over  a  12  minute  aeration 
period,  applying  metered  air  to  a  liter  graduate  of  sample  through  an 
aloxlte  aiffuser  stone.  The  dissolved  oxygen  content  may  be  measured 
either  with  a  polarograph  or  by  chemical  methods. 

(  The  none-steady  state  absorption  of  oxygen  follows  the  exoon- 
antlal  function  shown  in  Equation  (1).   kLa  is  computed  from  the  slope 
of  a  plot  of  the  saturation  deficit  (Cs  -  0L)  vs.  time  of  aeration. 

Biological  Oxidation  Systems  -  Steady  and  Non-Steady  State 

In  many  cases  it  is  desirable  to  evaluate  kra  under  operating 
conditions  in  bio-oxidation  systems.   If  steady  state  conditions  are 
maintained  fe a  can  be  directly  computed  from  Equation  5.  kLa  may  also 
be  determined  employing  a  non-steady  state  procedure. 

The  air  is  turned  off  and  the  dissolved  oxygen  level  permit- 
ted to  approach  zero  through  microbial  respiration.  Air  is  then  admit- 
ted at  the  desired  rate  and  samples  withdrawn  at  1  minute  intervals  for 
dissolved  oxygen  measurement.   Sampling  is  continued  until  a  steady 
state  condition  is  approached.  The  oxygen  utilization  rate  and  satura- 
tion value  are  determined  as  previously  described.   kT a  is  determined 
by  a  procedure  of  successive  approximation  according  £0  Equation  k. 

Oxygen  Transfer  Efficiency 

Oxygen  transfer  efficiency  is  defined  as  the  fraction  of 
oxygen  absorbed  of  the  total  applied  to  a  system. 

0/0  Efficiency  =  weight  of  oxygen  absorbed  per  unit  time  Y  ,  nn  Rdv  inn 

weignt  or  oxygen  supplied  per  unit  time  *  iUU  =g^x  1UU 
in  which 

Rd  =  kjA  (CB  -  CL)  .  8.31+  .  mg  of  tank  capacity  = 

r  .  2.3^  .  mg  of  tank  capacity  =  lbs  0o/hr 
and  *  d 

G3  =  air  flow  (cfh)  .  density  (lbs  air)  .  0.232  (lbs  Op) 

(cu  ft  ■)        (IB  air) 

the  air  density  is  related  to  the  temperature  and  pressure  of  the  air 
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Oxygen  Saturation 

Oxygen  Is  a  sparingly  soluble  gas  In  pure  water  whose  equili- 
brium relationship  is  defined  by  Henry's  Law.   While  the  solubility  is 
almost  independent  of  the  total  pressure  and  the  presence  of  other 
gases,  it  is  directly  proportional  to  the  partial  pressure  of  oxygen  In 
the  gas  phase. 

The  factors  of  Importance  which  influence  the  saturation  con- 
centration of  oxygen  are  (a)  partial  pressure,  (b)  temperature  and  (c) 
the  presence  of  dissolved  and  other  solids. 

The  partial  pressure  is  influenced  by  the  Increased  pressure 
of  the  entering  air  which  ia  usually  released  at  a  12  -  15  foot  depth 
In  waste  oxidation  practice.   Oxygen  is  also  absorbed  by  the  rising  air 
bubbles  reducing  the  oxygen  concentration  in  the  gas  phase.   These  ef- 
fects may  be  approximately  computed  from  Equation  (9).   (Vapor  pressure 
effects  and  variable  saturation  characteristics  for  surface  aeration 
and  bubble  formation  are  neglected.) 

''fph  I    A°t) 

°e--f  °*  ;|*H}'  [TO]        (9) 

Temperature  effects  have  been  well  defined  in  the  literature 
(31).   Pastes  of  variable  composition  will  alter  the  equilibrium  rela- 
tionships,  for  example,  oxygen  saturation  in  sewage  is  approximately 
95  percent  that  of  pure  water  {J2).      Various  waste  streams  from  pulo 
and  paper  manufacture  have  shown  variations  of  65  -  95  percent  of  pure 
water  saturation.   Saturation  characteristics  may  be  measured  polaro- 
graphlcally  or  chemically  on  well  aerated  waste  samples. 

Oxygen  Utilization 

Oxygen  utilization  may  be  defined  ss  the  weight  of  oxygen  con- 
sumed per  unit  weight  of  biological  sludge  per  unit  of" time.   It" Is 
usually  expressed  as  mg  02/hr/gm  sludge.   The  total  oxygen  uptake  rate 
in  a  system  will  be  the  product  of  the  unit  rate  and  the  sludge  concen- 
tration carried  in  the  aeration  tanks. 

The  uptake  rate  characteristics  will  vary  as  the  sludge 
passes  through  various  growth  stages.   The  rate  can  be  generally  con- 
sidered in  two  phases;  active  respiration  which  occur?  in  the  presence 
of  nutrients  and  ie  characteristic  of  a  growing  sludge  and  endogenous 
respiration  which  is  the  auto-oxidation  of  cellular  tissue.   The  endo- 
genous respiration  rate  is  5  -  10  percent  of  the  active  respiration 
rate.  Quantitative  relationships  may  be  found  in  the  cited  references 
(33)  t&)    (35). 

In  the  long  rectangular  aeration  tanks  used  in  conventional 
activated  sludge  practice,  the  sludge-liquid  mixture  is  rolled  down  the 
tank  length  with  a  spiral  motion  Irnoarted  by  the  air  and  as  the  BOD  in 
the  influent  waste  undergoes  oxidation  and  synthesis,  the  oxygen  utili- 
zation rate  decreases  approaching  the  endogenous  level.   This  level  Is 
approached  toward  the  end  of  the  aeration  basins. 


70. 

A  variable  utilization  rate  will  usually  not  be  found  when 
square  or  circular  tanks  are  employed.  The  homogenizing  effect  of  the 
agitation  and  aeration  will  tend  to  equalize  the  utilization  rate  at 
the  mean  level. 

In  order  to  take  economic  advantage  of  this  decreasing  utili- 
zation rate  through  the  aeration  tanks,  taoered  aeration  can  be  employ- 
ed.  KtH  can  be  adjusted  to  meet  the  necessary  demand  by  the  number  of 
individual  aeration  assemblies  reducing  along  the  tank  length  or  the 
air  rate  can  be  regulated  at  each  point  In  the  aerator  by  aporopriate 
valving.   In  deriving  a  tapered  aeration  design  the  variation  in  Eta 
with  oxidation  must  be  considered.   The  value  of  KT a  relative  to  water, 
a(   ,  will  increase  the  oxidation. 

Aeration  Equipment 

There  are  three  basic  types  of  aeration  devices  commercially 
available : 

(a)  Porous  media  type  oriface  diffusion  units.   Common  types  are  (1). 
Plates  or  tubes  constructed  of  silicon  dioxide  or  aluminum  oxide  grains 
held  in  a  porous  mass  with  a  ceramic  binder  and  (2)  seran  or  nylon 
wrapped  tubes  or  begs.   These  units  may  be  permanently  placed  in  the 
bottom  of  an  aeration  tank  or  suspended  from  flexible  Joints  along  the 
sidewall  of  a  tank.   When  air  is  diffused  through  these  units,  a  helical 
or  screw  motion  is  Imparted  to  the  sludge-liquid  mixture. 
(o)  Units  employing  a  mechanical  or  air  shear  such  as  the  impingement 
or  jet  aerator. 

(c)  Mechanical  aerators  which  entrain  atmospheric  oxygen  into  the  sludge 
by  surface  agitation  or  disperse  compressed  air  by  a  shearing  and  pump- 
ing action  employing  a  rotating  turbine  or  agitator.   In  the  latter  unit, 
air  is  discharged  from  large  diameter  oriface  in  the  form  of  a  pipe  or 
sparge  ring  beneath  the  agitator  and  is  broken  up  by  the  shearing  action 
of  the  high  speed  rotating  blades  of  the  agitator  moving  through  the 
liquid.  As  the  speed  of  the  impellor  is  increased,  the  bubble  size  is 
decreased  and  the  holduo  Increased  thus  Increasing  the  total  lnterfacial 
area.   Bubble  diameter  has  been  shown  to  vary  inversely  as  the  three 
r.alves  power  of  the  peripheral  speed  (36).   As  the  bubbles  rise  away 
from  the  impellor,  the  mean  diameter  increases  due  to  coelesence.   The 
relative  effect  of  liquid  pumping  and  air  shear,  depends  upon  the  size 
of  the  agitator  with  respect  to  the  tank.   For  systems  of" low  oxygen 
utilization  rate,  oxygen  may  be  supplied  by  air  self  induced  from  the 
negative  head  produced  by  the  rotor.   This  eliminates  the  necessity  for 
external  blowers  or  compressors. 

Standard  porous  dlffuser  units  are  designed  to  deliver  K  -  & 
cfm  per  unit.   The  absorption  efficiency  depends  on  the  size  of  air 
bubbles  released.   This  in  turn  depends  on  the  tyoe  and  porosity  of  dlf- 
fuser unit.   King  (13)  has  shown  the  bubble  diameter  to  vary  from  2.5  - 
;.g  mm  for  40  -  SO  porosity  tubes  or  plates.   Using  the  60  porosity  tube 
as  a  base,  a  kO   porosity  unit  will  be  115  percent  as  efficient  and  an 
£Q   porosity  unit  $5  percent  as  efficient. 

In  order  to  maintain  adequate  circulating  velocities,  a  mini- 
mum air  flow  of  3  ofm  per  lineal  foot  of  tank  must  be  maintained.   The 
flinimum  spacing  of  units  Is  6  inches  and  the  maximum  spacing  2  feet. 
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The  maximum  width  to  depth  ratio  to  insure  adequate  circulation  is  2:1. 
Suspended  diffusion  units  are  generally  placed  2  feet  above  the  floor 
oi  the  aeration  tank.   Diffuser  plates  are  usually  olaced  along  one  side 
of  the  bottom  of  an  aeration  tank  designed  to  cover  5-10  oercent  of 
the  tank  area.   High  maintenance  costs  may  be  encountered  in  some  waste 
applications  due  to  oriface  clogging,  etc. 

The  jet  aerator  pumps  liquid  from  the  aeration  tanks  through 
a  piping  manifold.   The  unit  aspirates  and  disperses  atmospheric  air  or 
air  from  a  blower  within  the  ejectors  capacity.  A  wide  range  of  oxygen 
absorption  can  be  obtained  depending  upon  tne  selection  of  operating 
variables.   Studies  by  Kountz  (12)  showed  that  the  rate  of  dissolved 
oxygen  supplied  is  a  function  of  the  nozzle  stream  surface  velocity  as 
is  also  the  air  volume  aspirated.   For  various  units  0.66  -  1.0  lbs 
Og/hour  can  be  transferred  at  liquid  pumping  rates  of  3^-  -  kM-   gpa, 
These  values  can  be  increased  by  about  ^0%   by  supplying  additional  air 
with  a  blower.   IS. 3  -  20  percent  absorption  has  been  'resorted  by  Hauer 
in  sulfite  oxidation  (37).   Power  consumption  is  a  consideration  since 
the  liquid  Is  circulated  at  25  -  30  psi  pressure.   Oriface  clogging 
problems  may  result  in  certain  applications. 

The  impingement  aerator  employs  a  water  stream  air  lifted 
from  the  aeration  tanks  as  a  shearing  device  for  air  bubbles  discharged 
from  a  large  orifice.   The  control  variables  are  the  impingement  liquor 
flow,  air  flow  and  the  location  of  the  water  nozzle  relative  to  the  air 
oriface.   The  units  are  usually  installed  in  headers  uo  to  kC   feet  in 
length  with  impinger  bowls  and  water  nozzles  saddle  mounted  to  the  air 
and  water  headers  at  from  ljj  -  24-  inch  centers.   Each  unit  is  designed 
to  diffuse  k  -   16  cfm  of  air  with  an  impinger  liquor  flow  of  15  -  20 
gpm.   Tne  bubble  size  released  depends  on  the  quantity  of  impingement 
liquor  flow  delivered  by  the  circulating  air  lift  pump.   Absorption  in- 
creases linearly  with  impingement  liquor  flow  over  the  range  normally 
employed  in  practice.   The  power  required  for  pumping  impingement  liquor 
is  8  -  15  percent  of  the  total  power  for  aeration.   Over  the  normal 
operating  range  transfer  efficiencies  of  10  -  12  percent  can  be  expected 
based  on  sulfite  oxidation  tests  (JIJ.   The  necessity  for  air  filters 
is  usually  eliminated. 

Other  diffusion  units  operating  under  similar  principles  in- 
clude the  Colaflex  diffuser  and  the  Diffusair  assembly. 

The  turbine  aerator  finds  pr indole  application  in  the  treat- 
ment of  high  BOD  industrial  wastes.   While  the  absorption  limit  of  most 
diffused  aeration  units  is  150  lbs  Op/day/1000  cu  ft  mechanical  aerators 
can  disperse  as  much  as  600  f  O^/day/lOQO  cu  ft. 

Oxygen  absorption  in  the  turbine  aerator  will  be  a  function  of 
the  air  flow  rate  and  the  power  input  to  the  rotating  agitator.   A 
general  relationship  can  be  expressed  by  the  formula 

KLa  V6xHPy  (10) 

Data  obtained  on  sewage  oxidation  in  a  three  foot  square  tank 
with  a  three  foot  liquid  depth  and  four  inch  diameter  impellors  is  shown 
in  accompanying  figure  3.   The  exponents  x  and  y  in  Equation  10  have 
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been  evaluated  for  several  systems  and.  have  been  found  to  vary  from 
0,67  to  0.S3  and  0.6  to  1. 5%  respectively . 

Other  formulations  have  shown  the  oxygen  transfer  efficiency 
to  be  directly  proportional  to  the  three  halves  power  of  the  peripheral 
velocity  and  inversely  proportional  to  the  square  root  of  the  ratio  of 
the  total  air  flow  to  the  peripheral  area  (39). 

Power  Requirements 

When  the  concentration  of  dissolved  oxygen  in  solution  exceed-: 
0.2  -  0.5  ppin,  the  rate  of  microbial  respiration  is  independent  of  oxy- 
gen concentration.   In  addition  to  maintaining  oxygen  levels  In  excess 
of  the  critical  level,  power  must  be  supplied  for  mixing.   Sludge  cells 
tend  to  clump,  hence  to  decrease  the  quantity  of  oxygen  which  can  be 
transferred  to  them.   The  rate  of  oxygen  diffusion  into  the  sludge  is 
related  to  floe  size,  diffusivity,  oxygen  utilization  rate  and  the 
oxygen  concentration  level  in  the  liquid.   Increased  cower  levels  will 
disperse  the  sludge  and  increase  the  transfer  rate. 

Assuming  0  spherical  floe,  the  minimum  radius  to  insure  oxygen 
throughout  the  floe  may  be  defined: 


_  a   /  3D(CL  -  CK) 


(11) 


kr  '< 


The  specific  gravity  of  the  sludge  </.  will  usually  vary  from 
1,011  -  1.20  (40).   Cl  is  the  oxygen  concentration  at  the  floe  -  liquid 
interface  and  C^  the  concentration  in  the  floe  center. 


The  power  level  is  limited,  however,  by  the  necessity  to 
avoid  excessive  floe  shearing  for  subsequent  solid-liquid  separation. 

Aeration  Design 

For  practical  design  considerations  it  may  be  assumed  that  the 
quantity  of  oxygen  transferred  per  unit  time  by  the  air  diffusion  unit 
within  the  critical  area  of  air  dispersion  is  a  function  of  depth,  temp- 
erature, gas  flow  and  waste   characteristics.   The  transfer  characteris- 
tics of  diffusion  units  at  specified  depths  may  be  related  by  the  ab- 
sorption number  Kj^a  .  V? 

Equation  12  provides  a  convenient  relationship  for  design  at 
a  specific  temperature  and  depth 

KLa  =  C  Gsn  '  1/VT  (12) 

Data  for  various  diffusion  units  derived  from  sulfite  oxida- 
tion at  20°C  is  shown  in  accompanying',  figure  ^ 

In  diffused  aeration  systems  K^a   may  be  varied  by  -  (a)  unit 
spacing  selection;  (b)  diffuser  permeability  or  other  variable  selection 
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which  defines  bubble  size;  (c)  air  flow.   In  turbine  aerators  &  a  may 
be  varied  by  either  the  impellor  speed  or  the  air  flow. 

A  suggested  design  Drocedure  for  aeration  systems  in  biolog- 
ical oxidation  processes  is  outlined  below: 

1.  Compute  the  oxygen  saturation  characteristics,  CL ,  at 
process  operating  temperatures  and  pressure  for  the  particular  waste  to 
be  treated  according  to  Equation. 1. 

2.  The  minimum  operating  dissolved  oxygen  level  should  be 
maintained  between  O.g  and  1.0  ppm  to  insure  aerobic  action. 

3-   The  unit  oxygen  uptake  rate  for  various  BOD  removal  levels 
can  be  estimated  from  an  experimental  plot. 

k.      The  oxygen  demand  distribution  will  be  a  function  of  time 
of  aeration.   This  may  be  obtained  by  a  laboratory  study.   The  actual 
demand  distribution  in  the  aeration  tanks  will  depend  on  the  hydraulic 
characteristics  of  the  particular  tanks  as  designed. 

5.  KLa   for  each  section  of  the  system  can  be  comouted  from 
Equation  §. 

6.  Aerator  performance  in  sulfite  solution  at  20°C  and  1} 
foot  submergence  depth  can  be  obtained  from  Figure  4  or  from  data  simi- 
larly derived.   The  operating  kwa  derived  from  Equation  5  must  be  cor- 
rected for  temoerature  if  the  operating  temperature  deviates  from  20°C 
and  for  the  oxygen  transfer  coefficient,  ■■■(  ,  of  the  specific  waste. 

7.  From  Figure  4  (or  a  similar  plot)  the  unit  air  flow  - 
volume  factor  to  transfer  the  required  oxygen  is  selected. 

S.  After  selecting  a  tank  width  and  an  air  flow/unit  the 
unit  spacing  is  computed.  ' 

5.   This  should  establish  the  design  for  the  most  severe  ooer- 
ating  conditions.   Under  less  severe  conditions  (winter  operation  low- 
er BOD  loadings,  etc.),  the  reduced  required  air  flow  can  be  computed 
in  a  similar  manner. 
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EXAMPLE 

<e)  Oxygen  Uptake  Rate  CalouT^i^nn 

The  average  oxygen  uptake  rata  In  an  aeration  t-««fr  i  a   ir   a  ^ 

The  average  uptake  in  each  quarter  eec??oS  S? "he  tank  tll^   ^ 

Tank  Lenffth  -  o/o    Ratio  tojiean    Uptake  rate;  nom/hr 
p£~ln  1,J       1-3  *  36.8  .  H7.9 

7R  too  ?'g  °-g  •  36.8  =  2Q.5 

(b)  Calculation  of  Required  °'' 

■  >/  « 

-  .  1  or  raw  waste  =  0.60 

*  for  effluent  =0.90 

the  tLkhlsre°y0le  1S  3°  Per0ent  the  »™»™S.  *  •*  the  influent  end  of 

0-7  ■  0.6  /  0.3  •.  0.9  =  0.69 

m  tLf  ^irpfc^^g-ss  sv?s*Uon  tank  ls  llnear  the  -* 

^c)  Aeration  Tank  Dlmenfllnna 

xiie   total   tank  volume  la  0.4  me^Rl  ^nn  #*3h        1 
15  ft  end  a  width  cf  ao  ft,   the  JSSk'&ffi  (^fl&er)?^  °* 

(d)   Oxygen  Saturation 
Operating   temoeraturp  -    ^o0^.    r       n  ntz 
ency  1  0/0;    fubmergence  oVdi?fLrV=  if?!    ^'^  tranSfer  efflcl- 

C3   =   fC*    (Pb   .    /  ot) 

-  °'55  '   7.63  (20.3   /  106)       -  k 

(e)  Required  KLa  -  first  quarter 

Emploj/liitt  an  operating  dissolved  oxygen  level   of  1.0  ppm 

kLa  at   20°c  =  K  a(30°c)    A   nTTT^ 

\/  ?2   SI 

=  6.47  •  0.88 

-  5.7 
correcting  for 

kLa  s  5.7/0.72  -  7.92 
W.  Wesley  Eckenfelder 


79. 
it)    Dlffuser  Spacing 

The  operating  data  for  a  particular  dlffuser  In  water  at  20°C  and 
13  ft  submergence  is  as  follows: 

Air  flow  sofm/unlt        KLa   Vt 

*  610 

5  200 

I  975 

7  1160 

s  1350 

Designing  for  S  cfra/unit 

KLa  .  Vt  =  1350 

Vt  z   1350/7.92  a  170  cu  ft 

170  cu  ft 
unit  spacing  =  Ig  rt  ■  '  20  ft  =  O.565  ft  (6.S  in) 

use  average  spacing  of  6  inches 

*>  m     The  other  sections  of  tank  may  be  computed  in  similar 
lashion.   If  the  confuted  spacing  is  beyond  design  limits  the  unit 
aepth  and  width  must  be  adjusted  to  bring  the  unit  spacing  within 
tne  specit lcatlon. 


W.  Wesley  Eckenfelder 
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WASTE  TREATMENT  AT  THE  SUN  OIL  COMPANY,  LTD. 
3AREIA,  ONTARIO,  REFINERY 
Harold  F.  Slkin 
Sanitary  Engineer,  Sun  Oil  Company,  Philadelphia,  Perm., 

and 

Gordon  R.  Henderson 

Manager,  Sarnla  Refinery,  Ontario,  Sun  Oil  Company,  Ltd. 


The  combined  efforts  of  industry  and  the  International  Joint 
Commission  on  The  Pollution  of  Boundry  Waters  to  preserve  the  water 
quality  of  the  St.  Clair  River  below  the  Sarnla,  Ontario  ares  have  re- 
ceived deservedly  wide  attention.  (1)  That  these  efforts  are  meeting 
with  success  is  exemplified  by  the  continued  attempts  to  adhere  to 
I  J  C  objectives  by  existing  and  new  Industries. 

Design  of  Sun  Oil  Company's  Sarnla  Refinery  in  1952  presented 
a  unique  opportunity  to  construct  pollution  abatement  facilities  as  an 
Integral  part  of  the  plant  end  to  provide  for  expansion  of  waste  treat- 
ment equipment  as  required  by  operation  experience.   This  oeper  will 
describe  the  development  of  this  installation  and  discuss  operating  re- 
sults obtained  to  date. 

Sewer  and  Separator  Facilities 

„,  ,,    Sun's  Sarnie  Refinery,  which  wa3  designed  to  process  15,000 
3Dls/day  ot  cruae  oil,  contains  completely  integrated  facilities  for 
control  and  treatment  of  plant  waste  waters.   The  original  installation 
wnl en  wee  Placed  in  operation  in  I953  Included  an  extensive  segregated 
sewer  and  separator  system  which  served  as  a  basis  for  current  American 
Petroleum  Institute  recommended  practice  for  new  refineries. (2)   Inde- 
pendent drainage  systems  were  Installed  for  the  process  waste  waters 
contaminated  storm  drainage,  spent  cooling  water,  uncontaminated  storm 
drainage  and  sanitary  sewage.  A  sixth  sewer  system  for  sulf ide-bearing 
process  waters  was  added  In  1955.   The  process  wastes,  contaminated 
storm  waters  and  spent  cooling  waters  are  each  provided  with  individual 
oil-weter  separators  of  API  design  for  removal  of  oil  and  settleablo 
solids  before  discharge  to  the  effluent  sewer.  The  total  flow  of  the 
combined  waters  In  the  final  effluent  sewer  averages  l^  million  gallons 
per  day. 

The  contaminated  storm  water  separator  unit  consists  of  two 
reinforced  concrete  parallel  single-section  chambers,  each  20  ft.  wide 
x  160  ft.  long  x  10  ft.  deep.   The  cooling  water  separators  consist  of 
two  parallel  single-section  chambers,  each  20  ft.  wide  x  1610  ft.  long  x 
10  ft.  deep.  Two  1000  Rbl  cone  roof  tanks  are  provided  for  slop  oil 
recovery  and  three  70  ft.  wide  x  100  ft.  long  x  6  ft.  deep  earth-wall 
storage  basins  are  available  for  separator  sludge  dewatering.   Two 
10,000  Bbl  cone  roof  tanks  are  available  for  ship  ballast  water  disposal 

The  process  sewer  system  carries  the  main  oxygen-consuming 
™£  £minants  ln  the  reflncry»  averaging  200' GPM  or  somewhat  less  than 
300,000  ballons  per  day.   This  flow  contains  over  95Jb  of  the  phenols, 
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sulfides,  mercaptans,  emulsified  oils  and  oth^r  water- soluble  pollutants. 
These  waters  gom©  from  contact  with  oil  in  the  plant  and  Include  pro- 
cess condensate  drains  from  vessels  and  towers,  pump  gland  leakage  and 
desalting  water.  A  10  ft.  wide  x  k^   ft.  long  x  I  ft.  deep  concrete 
single-section  oil-water  separator  was  provided  for  primary  treatment 
of  this  process  waste  water.   It  was  anticipated  that  these  process 
waters  would  require  secondary  treatment  before  discharge,  and  their 
segregation  was  considered  a  practical  initial  step.   The  general  flow 
diagram  for  segregation  of  refinery  waste  waters,  from  which  the  Sarnls 
sewer  and  separator  system  was  developed,  is  shown  in  Figure  1. 

The  effectiveness  of  segregation  of  wastes  et  their  source  in  aid- 
ing subsequent  oil-water  separation  has  been  established  in  previous  in- 
vestigations (3),  and  the  above-described  Sarnia  Refinery  drainage  sys- 
tem has  continuously  produced  a  final  net  effluent  with  an  oil  content 
of  less  than  5  ppm. 

Secondary  treatment  for  removal  of  soluble  materials  is  accom- 
plished by  flue  gas  stripping  for  removal  of  sulfides  followed  by  biol- 
ogical oxidation  in  an  activated  sludge  unit  for  reduction  of  phenols 
and  other  oxygen-consuming  contaminants. 

Sulfide  Stripping  Tower 

The  flow  diagram  for  the  sulfide  stripping  tower  installation 
is  shown  In  Figure  2.   This  unit  utilizes  waste  flue  gss  to  remove  ob- 
jectionable sulfides  and  mercaptans  from  the  process  water  system  and 
to  add  temperature  to  the  feed  water  to  the  subsequent  biological  treat- 
ment unit.   Approximately  75  GPM  of  the  process  waste  waters  are  col- 
lected in  an  underground  concrete  oil  separating-* surge  sumo  and  are  then 
charged  to  the  top  of  the  5  ft.-6ln.  diameter  by  32  ft.  high  stripping 
tower  through  six  1-lA  inch  full-cone  spray  nozzlas.   Tne  injected 
feed  water  flows  downward  against  a  continuous  rising  column  of  approx- 
imately 155, 00°  SCFH  of  950°  F  flue  gas  from  the  refinery  catalytic  re- 
generator to  remove  over  90%   of  the  sulfides  from  the  feed  water.   Oper- 
ation data  for  the  stripping  tower  during  recent  months  is  shown  in 
Figure  3  and  summarized  in  Table  1. 

This  stripping  tower  Is  unique  in  refinery  practice  in  several 
respects.   Because  flue  gas  was  available  only  at  the  low  pressure  of  2 
psig,  the  entire  tower  and  gas-piping  system  had  to  be  designed  for  a 
maximum  pressure  drop  of  1.5  psig.   A  tower  design  was  therefore  devel- 
oped consisting  only  of  a  distribution  header  with  the  six  spray  nozzle* 
and  a  demisting  section.   No  tower  packing  or  trays  were  Installed.   The 
internal  walls  of  the  tower  shell  were  lined  with  2  inches  of  gunnlted 
high  alumlna-vermiculite  cement  for  corrosion  resistance.   Because  of 
the  intimate  contact  of  the  sprayed  feed  water  with  the  flue  gas,  sulf- 
ide removal  has  been  satisfactory  even  at  low  temperatures  as  noted  in 
the  data  of  Figure  3.   It  has  therefore  not  been  necessary  to  augment 
the  flue  gas  with  stripping  steam  to  maintain  performance. 

The  stripping  tower  desulfurized  bottoms  are  heat  exchanged 
with  the  sulflde-rich  charge  water  and  then  flow  with  the  other  process 
waste  waters  to  the  process  separator  for  further  oil  removal  before 
additional  treatment. 
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Biological  Oxidation  Facilities 


Sun  Oil  Company  initiated  operation  of  commercial-scale  biol- 
ogical oxidation  for  refinery  waste  waters  at  the  Sarnia  olant  in  1953 
A  modified  activated  sludge  unit  was  installed  to  oxidize' phenols  and 
other  organic  contamlnents  in  the  process  waste  waters.   The  activated 
sludge  process  was  selected  over  competitive  methods  of  treatment  be- 
cause of  relative  simplicity  of  construction,  low  investment  co^t 
minimum  space  requirements,  availability  of  low-coat  electric  power  and 
anticipated  high  operation  efficiency.   The  utilization  of  sludpe- 
reciroulation  in  the  aeration  basin  for  metabolic  oxidation  (endogenous 
respiration)  oi  excess  bacterial  growths,  thereby  eliminating  seoarate 
sludge  digestion  equipment,  represented  another  advantage  of  the 'acti- 
vated sludge  process. 

«*  u  •,  ^n.  S*n   0il  devel°ped  clans  for  the  biological  treatment 
?m  '  ?3ipIUl /^formation  was  made  available  by  the  bow  Chemical  Companv 
M  and  Imperial  Oil  Limited  (5,  6)  who  had  olant  and  pilot-scale  expe-' 
ience  respectively  with  biological  removal  of  phenols."  Construction  of 
the  bio-oxidation  unit  was  expedited  by  the  use  of  the  process  sewer 
and  separator  system,  in  which  the  phenolic  waters  had  alrendy  b-en 

fng^G?^ed,A8ndv,by  M1'~zlnZ   °?her"  existing  equipment  and  pioing^already 
in  place   As  shown  on  Figure  4,  Flow  Diagram  of  Phenol  Oxidation  Facil- 
ities, the  aiorementioned  sulfide  stripping  tower  and  process  separator 
are  necessary  initial  steps  in  feed  water  conditioning.   The  200  GPM 
flow  from  the  process  separator  is  transferred  by  a  self-prlmins  centri- 
fugal pumo,  rated  at  500  GPM  and  35  psig  discharge  pressure,  to  an 
earth-wall  oxlaa.tion  basin.   The  aeration  basin  has  top  dimensions  of 

9  -m    !°2£  X  65,n'  Wlde  X  10  ft*  dcjeP'   The  attorn  half  of  the  side- 
S  f     ?6  °aSm?  c^e  surf8Ced  with  a  2"  layer  of  cement  grout  to  min- 
imize erosion   The  fresh  feed  water  and  recycle  (mixed  liquor  volume 
totals  500  opm ;  enter  the  bottom  of  the  basin  through  a  nest  of  kO   mix- 
ing eductors.  A  rotary  blower,  rated  at  500  cfm  at  7  psig  supplies  air- 
to  the  eductors  providing  oxygen  and  intimate  mixing   The  overflow  from 

on!  «^??inn  ?%Sin  flT  thr°Ugh  a  lV'  Peripheral  silt-pipe  flume  to 
one  sect  on  of  the  contaminated  storm  water  separator  originally  desisn- 

f?4hf  Siin rtmoval, service.   This  separator  is  equipped  with  continuous 
xlight  scrapers  and  serves  as  a  secondary  settling  tank  for  bactarial 
sludge.   A  positive  displacement  sludge  pump,  rated  at  125  &PM  and  "K 
f^I'p??n,Upn?  J?9  se"l^  bacterial  floe  to  the  oxidation  basin   Clari- 
fied effluent  flows  from  the  secondary  separator  to  the  main  uncontam- 
inated  water  system  discharging  to  the  St.  Clair  River.   Pipin?  has  been 
d3™ed  *?  JeCl5°?late  a11  0r  a  P°rtlon  of  the  aeration  basin°ef fLent 

ar^  shut  doSn%n.  ™  V?1Um?  1™*   and  When  ^finery  Process  operations 
are  snut  down  ior  normal  maintenance. 


The  modified  activated 
ation  in  November,  1953,  in  time  to 
the  refinery.  Two  tank  truck  loads 
from  the  Dow  Chemical  Company  waste 
were  obtained  for  initial  seeding. 


sludge 


facilities  were  placed  in  oper- 
treat  the  first  waste  waters  from 
of  concentrated  bacterial  sludge  ' 
treatment  plant  at  Midland,  Michigan 
Bacterial  oxidation  of  phenol  began 
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within  the  first  few  hours.   The  approximate  first  cost  of  the  new  fac- 
ilities was  -540,000.  This  does  not  include  the  value  of  the  previously 
installed  equipment  Including  the  process  separator,  collecting  system' 
and  the  secondary  settling  tank  nor  does  it  include  the  recently  instal- 
led sulfide  stripping  tower. 

Experience  through  the  first  two  years  of  ooeration  indicates 
that  an  average  phenol  content  in  the  process  waste  feed  of  approximate 
y  l?n  }\ bs/  I  °tn   be  oxldlzed  satisfactorily.   Daily  loadings 'as  high 
as  200  lbs.  of  phenol  have  been  removed  with  no  loss  in  efficiency 
Numerous  mechanical  difficulties  and  variations  in  feed  water  quality 
Interfered  with  continuous  efficient  performance' of  the  bio-oxidation 
unit  during  the  first  year  of  operation.   High  alkalinity  and  sulfide 
concentrations  in  the  feed  water  have  been  corrected  by  the  above  men- 

u?eJ      S'RS  BtrlPPinS  tower,  Excessive  sulfides  formerly  exerted 
a  high  chemical  oxygen  demand  on  the  system  and  proved  toxic  to  the 
bacterial  colony.  Efficient  operating  conditions  include  a  bacterial 
sluage  volume  index  of  k-6%,    a  temperature  range  of  70-50°  P  and  a  pH 
range  of  6.O-9.O.   Experience  indicates  that  the  process  will  operate 
with  a  temperature  as  low  as  60°  f   but  with  reduced  efficiency. "  Dissol- 
ved and  emulsified  oil  concentrations  as  high  as  150  opm,  phenol  con- 
centrations up  to  200  ppm  and  sulfide  concentrations  uo  to  SO  pom  have 
had  no  pronounced  harmful  effect  on  biological  activity,  although  high- 
er values  can  seriously  injure  the  bacterial  sludge.   High  oil  content 
in  the  feed  water,  although  apparently  not  toxic  to  the  organisms  is 
adsorbed  on  the  biological  floe  and  floats  the  mixture  to  the  surface 
01  the  basin,  thereby  removing  organisms  from  the  process.   Tt  is  be- 
lieved that  some  oil  is  partially  oxidized.   Steam  is  introduced  for 
temperature  control  purposes  through  1"  steel  pipe  coils  with  submerged 
exhausts  into  the  oxidation  basin.   A  direct-contact  2  500  000  BTU/HH 
water  heater  has  been  Installed  above  the  surface  of  the  basin  as  an 
auxiliary  source  of  heat. 

►™+  »    X^theJ3Se  of  a11  of  theBS  factors,  it  has  been  found  impor- 
tant to  avoid  sudden  or  shock  loadings  in  Influent  characteristics.   It 
has  been  observed  that  organisms  can  remain  inactive  for  several  days 
under  adverse  conditions,  then  regain  their  former  activity  with  the 
return  01  normal  temperature  and  food  supply.   The  hardiness  of  the 
bacterial  colony  is  best  exemplified  by  the  fact  that  re-seedlng  of  the 
unit  from  a  neighboring  sewage  plant  has  been  required  only  once  since 
original  start-up,  following  a  scheduled  refinery  maintenance  shut-down. 
During  other  perioas  when  refinery  units  were  not  operating  and  there 
was  no  continuous  flow  of  waste  process  water,  mixed  liquor  was  recir- 
culated at  the  oxiaation  basin  and  chemical-grade  phenol  was  used  to 
continue  the  food  supply. 

Air  requirements  of  the  aeration  basin  are  supplied  by  Ko    let 
eductors  mounted  above  the  floor.   Each  aerator  supplies  50  pounds  of 
oxygen  or  a  total  of  2,000  lbs. /day  to  the  wr.ste  water  to  oxidize  the 

f™fe  l3?ulb;:/dey  (mflxlmum  350  lbs. /day)  of  phenol,  considerably  in 
excess  of  the  theoretical  stoichiometric  ratio  of  2.4  to  1  0   The 
ae^tl°n  3ani  i0PdlnS  1b  equivalent  to  k   pCunds  of  phenol  per  1  000 
cubic  feet  of  tank  volume,  and  the  applied  air  rate  is  equivalent  to 
u.i  cubic  feet  per  minute  per  square  foot  of  aeration  surface.   Total 
power  requirements  of  the  pumps  and  blower  amount  to  60  HP 


1 


as. 

When  the  above-mentioned  problems  of  temperature  and  influent 
ch^racteri sties  were  corrected,  operation  of  the  biological  treatment 
unit  produced  a  continuously  satisfactory  effluent.  Recent  operating 
data  are  presented  graphically  on  Figure  5  .  A  summary  of  average,  max- 
imum and  minimum  phenol  contents  of  biological  treatment  unit  influent, 
effluent  and  final  combined  refinery  discharge  ore  tabulated  in  Table  2. 
As  evidenced  herein,  good  operation  is  characterized  by  over  95$  remova 
of  phenols.  • 

One  of  the  remaining  operating  difficulties  still  to  be  cor- 
rected is  the  continuing  use  of  the  rectangular  oil-water  separator  as 
the'  secondary  biological  sludge  settling  tank*  This  equipment  is  over- 
sized and  not  of  conventional  design  for  bacterial  floe  recovery.  Al- 
though oxidation  efficiency  is  not  seriously  affected,  a  suitably- 
designed  replacement  tank  is  under  consideration. 

Annual  operating  and  maintenance  expense  for  the  biological 
oxidation  unit  during  the  past  year  are  summarized  in  Table  J>.      The 
unit  cost  of  $0,l+5Ab,  of  phenol  removed  is  considered  moderate  when 
compared  with  alternate  chemical  treating  or  incineration  procedures. 

The  two  years  of  operation  of  the  Sarnia  unit  lndicrtes  that 
the  activated  sludge  process  is  applicable  to  refinery  waste  waters. 
Despite  early  operating  difficulties,  the  equipment  has  displayed  good 
reliability  when  supplied  with  a  consistently  acceptable  feed  water  and 
has  provided  a   satisfactory  solution  to  the  plant  organic  pollution 
problem. 

Conclusion 

The  opportunity  of  designing  pollution  control  facilities  as 
an  integral  part  of  plant  operation  equipment  represents  an  effective 
approach  to  treatment  requirements.   Installing  the  segregated  sewer 
and  separator  system  during  initial  Sarnia  Refinery  construction  made 
possible  the  subsequent  rapid  and  economical  installation  of  the. biolo- 
gical oxidation  unit  to  treat  a  limited  volume  of  concentrated  waste 
waters. 
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TABLE  1 

SULFIDE  STRIPPING  TOWER  OPERATION  DATA- SUMMARY* 

SARNIA  REFINERY  -  SUN  OIL  COMPANY 


PER  CENT 
STRIPPER  INFLUENT        STRIPPER  EFFLUENT    REMOVAL 


MAX 

MIN 

AVG 

MAX 

MIN 

AVG 

AVG 

FLOW  -  GPM 

- 

75 

- 

- 

75 

- 

TEMPERATURE-0 F   109 

65 

75 

13& 

108 

12a 

- 

SULFIDES -ppra   1000 

k2k 

705 

m 

23 

63 
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*Detp  b'psed  on  March-May,  195&  operation 


Elkln/Hendorson 
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TABLE  2 
BIOLOGICAL  OXIDATION  PLANT  OPERATION  DATA-SUMfcARY* 
SARNIA  REFINERY  -   SUN  OIL  COMPANY 


PLANT   INFLUENT 
MfflC         MTN       AVC 


PER  CENT 
PLANT   EFFLUENT        REMOVAL 
MAX  Mil  ATG     ATS™" 


FLOW  -  GPM 


PH 


SULFIDES-opm 


250    150   200 


a.g      g.3     s.g 


76 


250    150    200 


3.2    7.3    7.3 


SULFIDES-lbs/day**   1S2 


PHENOL-ppm 


56 


l1*-        ill 


PHENQL-lbe/day**     135     3^    og 


12 


0 


4.S    Q.k        1,9 


*.5 


100^ 


95-5* 


*~  Data  be eed  on  March-May,  1956  operation. 
**  Baaed  on  average  flow  rate. 


Elkln/Henderson 
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TABLE  3 
ANNUAL  COST  OF  PHENOL  REMOVAL  -  1955 
BIOLOGICAL  OXIDATION  -  SARNIA  REFINERY,  SUN  OIL  COMPANY 


OPERATION  $   3,000 

MAINTENANCE  5,800 

ELECTRIC  POWER  4-, 200 

STEAM  | i 0°0 

TOTAL  ANNUAL  COST  *  19,000 


COST  PER  POUND  PHENOL  REMOVED  $   0.45 

INITIAL  CAPITAL  INVESTMENT  *  1*0,000 


Elkin/Hendereon 
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INDUSTRIAL  WASTE   CONTROL  AT  AH  Gl.C-UaC  CiniECAL  PLANT 

R.  E«   Mill a 

Il&ugetuck  Chemicals  Division  of 
Dominion  Rubber  Company  Ltd  . 

Today,  the  awareness  of  the  public  to  eir  and  water  pollution, 
means  that  all  companies  manufacturing  a  variety  of  organic  end  inor- 
ganic chemicals,  must  take  stock  of  their  position  in  the  community 
with  respect  to  their  process  wastes. 

Naugatuck  Chemicals,  Division  of  Dominion  Rubber  Co.,  Ltd.,  la 
situated  in  a  snail  town  in  Central  Ontario  in  the  midst  of  a  fine 
agricultural  district;  end  as  a  result  all  wastes  are  carefully  con- 
trolled to  maintain  good  relations  in  this  community. 

The  method  of  organizing  and  handling  the  control  problems 
is  most  important  and  is  one  that  requires  a  great  deal  of  thought, 
The  method  used  depends  upon  the  type  and  size  of  chemical  plant 
conoerned  and  the  results  obtained  are  a  measure  of  its  success. 

The  plant  foremen  end  supervisors  must  give  their  fullest 
cooperation  and  effort  in  carrying  out  a  waste  control  program; 
realizing  its  importance  end  taking  it  to  their  men.  It  is  in  the 
various  production  departments  where  proper  education  is  most  valu- 
able in  making  all  employees  conscious  of  the  importance  of  control 
methods  .  Education  In  goo<3  housekeeping  is  most  important  to  reduce 
spills,  floor  washings  and  careless  operating  procedures  which  may 
cause  more  control  problems  than  the  actual  processing,  A  heavy 
reliance  is  placed  on  the  foreman  and  supervisors  in  this  respect. 

We   believe  that  personal  hygiene  on  the  part  of  the  operators 
is  also  important  if  they  are  to  fully  understand  our  problems  of 
prevention  of  pollution,  both  sir  and  water.  Our  company  has  just 
completed  a  new  employee  services  building  which  is  up-to-date  in 
every  respect.  The  operators  will  be  urged  to  make  full  use  of  these 
facilities  with  daily  bathing  end  changing  from  work  clothing  to  street 
clothing  after  each  day's  work.  Tnis  clothing  will  be  kept  in  separate 
ventilated  lockers  thus  preventing  the  street  clothing  from  carrying 
home  chemical  plant  odors. 

We  believe  that  employee  cooperation  in  the  prevention  of 
pollution  will  be  obtained  when  they  realize  the  extent  to  which  the 
company  has  gone  to  obtain  these  objectives. 
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I  -  AIR  POLLUTION  PROPLT>K 
Dust  Control  In  The  Grinding,  and  Packaging  Departments 

To  control  dust  from  grinding,  packaging  and  loading  operations, 
the  cloth  collector  or  bag  filter  is  used.  The  dust  is  carried  into 
a  cyclone,  where  the  heavier  particles,  over  5  microns ,  presettle  by 
the  reduction  of  the  velocity  of  the  air  stream.  The  lighter  particles 
rise  and  form  inside  vertically-held  bags  or  tubes  which  ere  open  at 
one  end  and  closed  at  the  other.  The  air  passes  through  while  the 
perticle3  are  retained  on  the  inside. 

The  efficiency  of  this  type  of  collector  is  measured  by  the 
amount  of  dust  in  the  outlet  air.  The  minimum  collectible  particle 
diameter  is  less  than  0.1  microns.  (1) 

Acid  Storage  Tanks 

The  storage  of  large  volumes  of  acids,  alkalies,  oils  and 
flammable  liquids  in  a  so-called  tank  farm,  may  develop  a  situation 
under  certain  atmospheric  conditions  where  the  normal  "breathing  of 
tanks  under  temperature  variations  causes  objectionable  fogs,  fumes 
and  vapors.  This  is  especially  true  during  the  handling  of  mixed  acids 
containing  nitric  and  sulphuric  acids,  and  hydrochloric  acid.  If 
small  amounts  of  ammonia  fumes  are  escaping  from  a  plant  process  near- 
bv  and  mix  with  these  acid  fumes,  a  very  heavy  fog  results.  To  over- 
come this  problem,  double  traps,  containing  95%  sulphuric  acid  which 
absorbs  moisture  and  sulfur  trioxidc  fumos,  have  been  installed  on  the 
99f0  sulphuric  acid  and  mixed  acid  tank  vents. 

Hydrochloric  acid  storage  tanks  have  traps  on  the  vents  con- 
taining weak  hydrochloric  acid.  During  pumping  to  tank  cars,  the  car 
can  be  vented  back  into  the  storage  tank. 

The  hydrogen  chloride  gas  evolved  from  one  process  is  effec- 
tively absorbed  by  a  Karbate  falling-film  absorber  which  produces 
saleable  muriatic  acid  thus  recovering  a  valuable  by-product. 

Control  Of  Hydrogen  Sulphide  Gf*s 

The  quantity  of  hydrogen  sulfide  evolved  from  one  plant  process 
is  too  small  to  recover  the  sulphur  economically;  therefore  the  disposal 
of  this  highly  objectionable  gas  presents  a  problem,  T.iis  is  solved 
by  forcing  the  hydrogen  sulfide  under  controlled  pressure,  through 
flame  arrestors  into  a  furnace  at  the  base  of  a  tall  stack.   The 
furnace  is  fired  by  a  conventional  type  oil  burner.  The  hydrogon  sul- 
fide is  converted  to  sulfur  dioxide  end  the  height  of  the  stack  must 
be  such  that  the  sulfur  dioxide  reaches  the  ground  in  harmless 
concentrations.   Tals  height  can  bo  very  easily  calculated  by  using 
the  formula  of  Bosanquet  and  Pearson  and  Sutton,  (2) 

The  average  wind  velocity,  directions,  end  frequency  by 
directions  is  a  factor,  and  can  be  obtained  from  the  Air  Services 
Meteorological  Division  of  the  Department  of  Transport.  This  may 
eliminate  the  necessity  of  setting  up  woather  equipment  if  there  is 
such  a  station  in  the  vicinity  of  the  plant. 
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* 
Control  of  Oxides  of  Nitrogen 

Those  gases  croato  an  objectionable  condition  from  en  odor, 
sight  and  corrosive  standpoint.  A  specially  constructed  packed 
ceramic  tower  was  installed  with  stainless  steal  ducts  which  carry 
the  fumes  from  the  process  vessels  to  the  tower.  A  recirculating 
caustic  solution  effectively  scrubs  the  effluent  gases  forming  sodium 
nitrite  and  nitrate  which  is  subsequently  returned  to  the  process. 
An  exhaust  fan  in  the  duct  from  the  tower  to  the  atmosphere  draws 
the  fumes  through  the  column.  This  provides  some  economic  return  to 
the  process  and  overcomes  a  conspicuous  nuisance. 

General  Ventilation 

Large  air  scrubbers  are  used  to  reduce  dust  and  take  care  of 
general  building  ventilation.  One  such  installation  is  a  Sohnoible 
multi-wash  dust  collector  handling  some  4000  c.f.m.  of  air  (3).  This 
consists  of  a  16  ft.  high  x  4  ft.  diameter  vertically  placed  cylin- 
drical tower,  fabricated  from  a  material  required  by  the  nature  of  the 
dusts  and  fumes,  and  of  the  scrubbing  liquid.  Inside  the  tower  are 
six  and  one-half  Impingement  stages  at  the  top  of  which  is  an  antrein- 
mont  separator,  At  the  bottom,  the  tower  terminates  in  a  cone.  Dusts 
end  fumes  enter  the  tower  tangentially  through  ducts  into  the  wet 
cyclone  where  the  heavier  particles  separate.  The  absorbing  solution 
is  recirculated  from  a  holding  tank  below,  entering  the  towor  above 
its  top  impingement  place  and  in  its  downward  motion  washes  the  upcoming 
air.  The  horizontal  plates  and  shelves  of  the  impingement  stages 
form  a  water  curtain  through  which  the  rapidly  whirling  air  must  pass. 
Organic  solvent  and  phenolic  vapors  ore  effectively  removed  by  this 
device.   An  exhaust  fan  on  the  clean  air  outlet  draws  the  air  through 
the  scrubber.   The  absorbing  solution  is  recirculated  until  spent, 
then  renewed;  this  requires  regular  testing  end  is  part  of  the  process 
operation.   The  electriccl  set-up  on  the  exhaust  fan  motor  and  recircul- 
ating pump  motor  is  such  that  the  pump  must  bo  going  boforo  the  fan 
starts.  This  prevents  ejection  of  unscrubbnd  air.   The  outlet  air 
from  this  installation  is  continuously  sampled,  The  suction  pressure 
on  the  suction  side  of  the  exhaust  fan  draws  an  air  sample  from  the 
discharge  side  of  the  fan  through  the  two  absorbers,  This  continuous 
sampler  operates  whenever  the  scrubber  is  in  operation.  The  daily 
volume  of  the  sample  taken  here  is  about  40  cu .  ft,  per  day. 

Sampling  Methods 

To  determine  the  efficiency  of  any  waste  control  equipment, 
the  exit  air  from  vents,  scrubbers; and  towers  must  bo  sampled  end 
analyzed.  This  is  a  very  important  part  of  waste  control, 

A  typical  air  sampling  unit  in  operation  consists  of  a  5/8  h.p, 
gas  engine  mounted  on  a  small  rubber-tired  truck.  This  engine  drives 
a  laboratory  type  vacuum  pump,  which  draws  air  through  a  stainless 
steel  wot  test  motor.  . Connected  to  the  wot  test  meter  is  a  trap  and 
two  Fishor-Milligon  gas  samplers.  Rubber  tubing,  or  tubing  as  required 
by  tho  nature  of  the  air  to  bo  handled,  draws  the  air  from  the  sampling 
point.  Tho  gas  engine  is  used  for  outdoor  work  and  can  bo  interchanged 
with  an  explosion-proof  electric  motor  for  indoor  work.  The  wot  tost 
meter  has  a  capacity  of  20  cubic  foot  ocr  hour.  This  unit  is  moro 
edeptod  to  taking  "grab"  samples  at  various  locations  about  the  plant, 
at  tho  rate  of  10  -  15  cubic  feet  per  hour  for  2-3  hour's  duration, 
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but  could  bo  used  for  continuous  samples  if  so  required . 

ii  -  v;atj]R  problems 

Sources.  Uses.,  and  Disposal  of  Plant  Waters 

In  e.  chemical  plant  a  1:  rge  volume  of  water  is  required  daily 
for  cooling,  processing,  etc.  We  hrve  two  sources  from  which  to 
obtain  our  requirements.  The  first  source  of  supply  is  from  the  wells 
of  the  town  water  supply.   About  1  million  gals,  per  day  £ro  drawn 
from  this  source.  The  second  source  of  supply  is  from  the  nearby 
stream  from  which  about  350,000  gals,  are  drawn  daily. 

WefcoT  taken  from  the  stream  is  used  for  cooling  and  for  boiler 
plant  use.   This  latter  use  roquires  somo  protreatment  of ^ the  watyr. 
This  auxiliary  supply  is  also • available  in  the  event  of  fire. 

All  cooling  waters  are  run  directly  into  the  stream.  General 
plant  wastes  are  run  into  ponds  or  lagoons  where  solids  fro  allowed  to 
settle  out.   The  build-up  of  sludge  in  those  ponds  is  considerable  and 
is  removed  periodically  to  provide  fill  for  reclaiming  low  land.  Any 
oils  separating  out  in  waste  waters  are  removed,  and  if  confined  to  ono 
particular  process,  are  rccovored  whore  possible.  In  any  case  they 
ere  not  allowed  to  enter  the  stream.. 

River  'A- a  tor  Sampling 

The  condition  of  the  stream  beside  the  plant  is  of  vital 
importance.  A  program  for  sampling  this  stream  has  been  set  up  on  a 
monthly  basis.  Sampling  is  carried  on  throughout  the  year  since  this 
stream  does  not  usually  freeze  during  the  winter.   Samples  arc  taken 
up  stream  from  the  plant,  at  the  plant,  and  down  stream  from  the  plant. 
Semples  are  taken  also  at  points  1  mile  and  3  miles  below  the  plant, 
end  above  and  below  the  confluence  of  the  river  into  which  the  stroma 
empties,  about  3   miles  from  the  plant.   During  the  sampling  the  stream 
is  inspected  for  algae  and  fish  life  which  is  a  visual  indication  of 
the  condition  of  the  stream.  The  temporature  of  the  stream  is  recorded 
et  each  sampling  point,  V'eethcr  conditions  end  stream  flow  are  indic- 
ated at  oach  sampling  timo. 

Theso  water  semples  aro  -compared  for:- 

(1)   pH  which  should  bo  between  6.7  and  8.5  (4).   This  limits  the 

quality  of  the  water  effluent  from  the  plant  to  pH  ranges  depen- 
dent upon  the  volume  of  flow  of  the  stream  and  volume  of  the  waste 

{2)   Chemical  oxygon  demand;  is  the  oxygon  that  will  be  demanded  by  a 
wasto  as  measured  by  chemical  oxidation.  This  value  is  an 
important  index  for  stream  and  industrial  waste  studies  and  is 
useful  when  the  biochemical  oxygon  demand  cannot  be  determined ,  (4) 
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(3)  Dissolved  oxygon;  '  dceuate  dissolved  oxygon  is  ncoossery  for  the 
existence  of  fish  life  i  nd  other  aquatic  organisms.  It  has  seen 
stated  tnct  the  5  is  solved  oxygon  in  surface  waters  rliieh  arc 
unpolluted  range  from  about  5  ppm  Bo  9  ppm  (5).  Suffocation  of 
fish  results  froiu  a  low  dissolved  oxygon  concentration, 

(4)  Taste,  odor,  and  turbidity.  In  eddition  to  these,  analyses  ore 
c&rried  out  for  the  detection  of  any  particular  contaminant  that 
may  bo  expected  dependent  upon  the  products  Doing  mrde  at  tho 
plant  Ft  the  tine  of  sampling.  This  practice  will  indicate  locks 
or  spills. 

Samples  are  also  collected  from  the  main  plant  sowers,  from 
individual  sewers  and  from  the  stream  into  wnich  wastes  are  discharged. 
Samples  of  waste  from  the  main  waste  streams  should  bo  a  composite 
sample  taken  over  a  24-hr.  poriod,  The  automatic  sampler  used  for  this 
purpose,  contains  23  bottles  in .a  tray  and  the  waste  is  drawn  from  the 
sewer  continuously  by  a  Sigma  pump.   The  rote  of  flow  of  the  wests  is 
adjusted  so  that  one  bottle  is  filled  per  hour.  Each  bottle  is  there- 
fore representative  of  the  flow  through  the  sewer  for  that  particular 
hour  and  the  full  tray  of  bottles  is  representative  of  the  contents 
of  the  sewer  over  a  24  hour  poriod. 

Ill  -  TRF>,TeFNT  OF  PHENOLIC  AIID  2,4-D  v.ASTE  Y:'ATFRS 
Hyflo  Super- coll  Process 

During  the  1950-51  production  season  of  2,4-Dichlorophonoxyacotic 
Acid  (2,4-D)  the  waste  water  was  treated  by  passing  it  through  a  Sparklor 
filtor  using  supercol  Hyflo  Filter  Aid  which  rauovod  the  entrained 
solvent  only.  The  waste  was  than  partially  neutralized  with  soda  ash 
and  pumped  to  a  closed  pit. 

Act ivatod  Carbon  Process 

■  ■■ "  —   »■  -'  -'—  -■  »    '   ■  ■  1 1  ■  ■■■«  ■  .I..  ■  —  -  — 

During  the  1951-52  season  activated  carbon  was  used  to  treat 
the  2,4-D  waste  water.  The  waste  water  was  first  filtered  through  tho 
Sparklor  Filter  to  remove  the  entrained  solvent  as  already  mentioned. 
This  filtered  waste  water  was  then  passed  down  through  b  bud  of  activ- 
ated carbon  by  spraying  through  a  distributor  to  spread  tho  flow.  A 
rotameter  was  placed  in  the  feed  line  to  measure  tho  roto  of  flow. 
Tho  treated  water  was  then  partially  neutralized  with  soda  ash  end 
pumped  to  a  closed  pit. 

Tho  activated  carbon  tank  consisted  of  a  6  foot  by  3  foot 
diameter  wooden  tank  open  at  the  top.   On  the  bottom  of  tho  tank  was 
placed  12  inches  of  gravel.   Immediately  above  tho  gravel  was  placed 
a  I"   mosh  iron  screen  to  support  the  600  lbs.  of  activated  carbon. 
For  the  removal  of  the  spent' carbon,  which  was  disposed  of  by  burying, 
a  15  x  15  inch  door  was  installed,  15  inches  from  the  bottom  of  the 
tank.  Tho  space  taken  up  by  tho  600  lbs.  of  carbon  was  54  inches  deep 
by  J4  inches  in  diameter  or  18  Cu  .Ft .  of  carbon.  The  average  rate  of 
flow  of  waste  water  into  tho  carbon  was  7  Imperial  Gallons  pur  minute. 
Therefore,  the  linear  velocity  of  liquid  through  the  carbon  was  2.14 
inches  per  minute.  Tho  recommended  rate  by  our  Development  Department 
was  2,7  inches  per  minute. 
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The  treated  outlet  water  from  tho  trnk  flowed  through  u  leg 
which  would  maintain  p.  minimum  of  1?.  inches  depth  of  liquid  on  the 
34  inch  depth  of  cerbon.  Tho  typo  of  carbon  ueed  wea  Pittsburg  C-.W,, 
4  x  20  mesh  activated  carbon. 

The  curve  shown  in  Figure  1  indicating  parts  per  million  of 
2,4-D  and  Dichlorophonol  (DCP)  as  the  volume  of  waste  water  treated 
indicates  that  tho  carbon  was  spont  after  5000-6CGO  gallons  of  waste 
'  wctor  were  treated. 

It  Vvcs  suggested  the t  if  the  cerbon  bed  had  been  of  greater 
depth,  say  5  foot  instead  of  J>   foot,  the  concentration  of  DCP  and 
2,4-D  in  tho  treated  waste  water  would  have  been  loss. 

If  we  consider  the  t  the  carbon  was  spent  after  6000  gallons  of 
waste  water  hod  passed  through  then  tho  cost  of  treatment  would  havo 
been  &6.00  per  lb.  of  phenol  removed.   Since  thi3  was  the  cost  of 
activated  carbon  only  this  method  was  considered  too  expensive  to  be 
continued.  Also  the  uso  of  activated  carbon  on   the  throw- pwny  basis 
made  the  disposal  of  the  spent  cerbon  a  problem. 

Alkaline  Chlorination  Procoss 

Information  was  obtained  in  1951  which  enabled  us  to  establish 
a  process  for  destroying  DCP  by  m^ans  of  oxidation  in  an  alkaline 
medium  by  chlorine.   Caustic  soda  was  selected  then  us   the  neutralizing 
material.  This  well  known  alkaline  chlorination  procoss  is  still 
essentially  the  mothod  of  treatment  used  todi'v.   Gome  modifications 
havo  been  made  to  handle  the  increased  volume  of  waste  due  to  increased 
production.  The  waste  water  is  treatod  in  a  cement  sump.  A  portion  of 
the  recirculation  flow  is  through  a.  pH  cell  which  operates  a  pH 
recorder-controller  unit  feeding  caustic  sod;  solution  to  the"  sump  to 
maintain  pH  control.  The  alkalinity  is  controlled  in  a  pH  range  of 
9-11.  A  chlorinator  injects  chlorine  water  to  the  sump  at  a  volume 
sufficient  to  obtain  a  chlorine  residual  of  200  ppm  in  tho  treated 
waste  water.  This  is  then  pumped  to  1    closed  pit.  A  97%  reduction  of 
DCP  is  obtained  by  this  process.   This  mothod  of  treating  2,4-D  waste- 
water presently,  cost  |l,02  per  lb.  of  phenol  destroyed.  This  is  the 
cost  of  Caustic  Soda  and  Chlorine  only. 

Tho  volume  of  2,4-D  waste  has  increased  sufficiently  since  1952 
to  justify  the  investigation  of  some  cheeper  mothod  of  treatment  . 

As  a  result  of  laboratory  investigation  the  use  of  dolomitio 
lime  instead  of  caustic  soda  has  boon  considered,   This  method  compares 
very  favourably  with  tho  caustic  soda  chlorination  with  ruspoct  to 
DCP  reduction,  Figure  2,  giving  a  reduction  of  98%.     The  two  major 
problems  which  would  arise  if  this  method  were  adopted  would  bo; 
(a)  To  find  somo  cheap  method  of  dowatering  tho  resulting  calcium 
sulfate  sludge,   (b)  To  dispose  of  the  sludge  in  a  satisfactory  mannor. 

Acid  chlorination  of  tho  waste  water  (pH  1.5)  would  not  be 
considered  too  satisfactory  since  a,  reduction  of  only  8j>%  DCP  wes 
obtained  in  the  laboratory,  Figure  2,  Corrosion  of  equipment  would  bo 
high  resulting  in  increased  maintenance  cost3. 
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Bio-Oxidation  Process 


The  cost  of  destroying  c  pound  or  phenol  by  tho  various  known 
mot  hods  has  boon  estimated  to  be:  Bio-oxide  tian  fcO.JO,  Ozone  |»l,00i 
Chlorine  12.50,  Chlorino  Dioxide  17.00*  and  Incineration  ^»5 .30  (7). 
As  already  mentioned  we  hr.vc  found  that  the  cost  of  tho  raw  materials 
required  for  the  removal  of  o  pound  of  phenol  in  our  own  wastes  to  bo 
as  follows:  Activated  Carbon  v6.00,   Alkaline  Chlorination  #1.02, 

Since  it  is  our  intention  to  reduce  still  further  the  present 
high  cost  of  tree ting  our  phenolic  and  2,4-D  wastes  end  to  do  rway 
with  tho  present  method  of  discharging  waste  waters  to  closed  pits,  wo 
propose  to  construct  o  biological  trickling  filter  as  shown  in  tho 
flow  diagram,  Figure  J> ,,  The  filter  is  expected  to  bo  in  operation 
some  time  this  summer.  It  is  expected  to  handle  only  phonolic  wastes 
from  processes  other  thru  the  2,4-D  process  and  a  portion  of  tho  2,4-D 
waste  water. 


u 


7c  sre  collaborating  with  tho  Dow  Chemical  Co.,  on  this  project, 
end  rre  using  their  Dowpac  H.C.S.  °s  pecking  media  for  the  column  of 
the  trickling  filter,  instead  of  blast  furnrce  slag  usually  used  in 
conventional  trickling  filters.  Tho  bulk  characteristics  of  the  two 
trickling  filter  media  arc  shown  on  Table  I. 

Some  preliminary  work  has  been  done  in  the  laboratory  using 
model  activated  sludge  units.  The  purpose  of  this  work  was  to  deter- 
mine whether  our  plant  wastes  cm  be  fed  to  bacterial  slimes  without 
preliminary  treatment  of  the  particular  waste  or  toxic  affects  of  the 
wests  on  the  bacteria  due  to  the  presence  of  traces  of  other  contam- 
inants in  the  Waste  water. 

These  units  were  devised  in  such  e  manner  as  to  permit  con- 
tinuous feeding  of  synthetic  and  plant  wastes  rnd  continuous  removal 
of  the  treated  wc.ste.  Each  unit  was  seeded  with  activated  sludge  from 
a  locrl  sewage  plant  „ 

The  units  were  operated  with  continuous  feeding  24  hours  a  day, 
7  days  a  week.   Feeds  were  changed,  samples  for  analysis  taken,  temper- 
atures recorded,  and  any  changes  in  operating  procedure  made  at  the 
same  time  each  day. 

Food  waters  anfl  effluents  wore  analysed  for  chemical  oxygen 
demand  end  whero  possible  the  individual  contaminating  component  in  the 
waste.  Nitrogen  as  ammonium  nitrate  and  phosphorous  as  potassium 
di  basic  phosphate  were  added  to  the  food  to  give  an  approximate  C:N 
rrtio  of  20:1* and  C:P  rrtio  of  30:1. 

Each  unit  was  aerated  continuously  24  hours  a.  day  at  an  average 
aeration  rate  of  1400  Cu.Cm./Min.   The  feed  rato  was  adjusted  to  about 
6  litres  rer  day  giving  8  retention  time  of  approximately  16  hours. 

A  summary  of  the  composition  of  the  various  feeds,  the  conditions 
of  treatment  and  effectiveness  of  tho  treatment  is  given  on  Table  II 
for  synthetic  plant  wastes.  A  similar  outline  is  given  on  Table  III 
for  actual  plant  wastes.  By  synthetic  plant  wastes  wo  mean  a  waste 
made  up  of  the  pure  component  expected  to  bo  the  major  contaminant  in  a 
specific  plant  waste  from  a.  particular  plant  process.  Tap  water  was 
used  for  dilution.  Nitrogen  and  phosphorous  wore  added  as  required. 
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Where  the  trc:t,v:nt  of  2,4-1)  wustc  w.s  concerned  v.   bio-rss-y 
method  (8)  v.ts  cr.rricc'  out  on  ths  eff]im,nt  from  trio  Irborrtory  t  ctiv- 
r.tcd  sludge  units  to  determine  the  r.,mov*  1  of  tho  2,4-D.  The  infor- 
mrtion  obtrincd  from  this  work  will  >]lov;  us  to  feed  certain  of  tho 
wastes  investigated  with  the  r.osur-ncc  th'  t  the  so  westes  will  ;.->t  bo 
toxic  to  tho  brcteri;  ,  which  will  grow  on  the  trickling  filter.  This 
information  will  r.lso  errblo  us  to  predict  the  strength  -t   will  oh  to 
fe-c  the  wtstes  end  hence  tho  oilution  required,   dilution  will  be 
r chioved  by  recirculrtion  on  tho  trickling  filter  rs  shown  in  Figure  7 

CONCLUSION 

Tho  foregoing  is  ;.n  outlin;  of  c  fow  of  the  prevent  r.tive  f  nd 
corrective  measures  thrt  hrvo  boon  t;ken  in  the  waste  control  progrr.ni 
rt  Nr.ugv  tuck  Chemicals  in  llnire,  L   brief  description  of  the  pest 
end  present  trortmont  of  our  Phenolic  -nd  2,4-D  wrstea  hes  been  riven. 
Westes  of  this  typo  rrc  being  treated  by  tag  :.lk-:lino  ehlorinr  tion 
method  which,  rlthough  effective,  hf.s  r  cost  element  ett-ched  which 
wo  would  like  to  reduce. 

Some  of  tho  preliminary  work  for  our  proposed  biological 
trickling  filter  hr.s  bo.-.n  outlined.  Wo  feel  thrt  bio-o;:idation  of 
this  typo  is  the  most  satisfactory  end  economical  method  to  d.^tc  for 
treating  our  phenolic  and  2,4-D  waste  wr.ters. 
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TABLE   I 


BULII  CliLRACrTJSTICS   OF  TV-'O 
TYPES.  OF  TRICKLING  FILTER  MEDIA  A 


Packing 

Dowpac  HC3 


Units     Units  V.'elght  Surft.ce  Aroa     Void.  Spacs 
/Cu.   Ft.   Lbs./Cu.Ft.      Sq.Ft./Cu.Ft.  j 


2.0 


3.8 


25 


94 


Blast  Furnace  Slag 

5-3/4"  x  3-1/8  x  2-1/2" 


31 


68 


20 


49 


mils 


A  Dowpac  FN- 90  end  Dowpac  HCS 
Dow  Cheiaioal  Company, 


-  Bulletin  Published  by  the 
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TABLE  II 


K>7. 


RVWTH^TTO  PLANT  WASTES 


SYNTHETIC  PHENOLIC  WASTE 
Composition  of  Feed 

pH 


Min.  Max .  Av . 


1A  7.9  7.5 


Temperature    (OE.)  .         68  7j  71 

G.O.D.    (ppm)  x^  >l°  gE- 

Phenol    (ppm)  50  140  ^ 

Co nd itions   of  Treatment 


Aeration   (Hrs./day)  -  nn 

Aeration  Rate    (Cu.Cm./Min.).  -  -  x™ 

Retention  Time    (Era.)  «  ±v 

Effectiveness  of  Treatment 

vtt  7.5  8.4  8.0 

S.O.D     Removal    (!)  91  100  97 

Phenol  Removal    (%)  77                ¥7  77 

SYNTHETIC  DICHLOROPHENOL    (POP)   WASTE 

Composition  of  Feed  ,  "in,  Sfcg *-  -£!*- 


pH 


8,0     8,4      8..2 


Temperature  (of.)  £7       75        70 


C.O.D.  (ppm) 


162     221      187 


DCp"(ppm)  105  177  153 

Conditions  of  Treatment 

Aeration  (Hrs ./Day)  -  -  24 

Aeration  Rate  (Cu.Om./Min.)  -  -  1400 

Retention  Time  (Hrs,)  19  ?2  ^ 

Effectiveness  of  Treatment 

bH  8-°  8-5  8A2 

6.0  .D.  Removal  (%)  ?8  g|  84 

DOT  Removal  99  99  99 


Mills 


TABLE  II   (Cont'd) 
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SYNTHETIC  WASTE  CONTAINING  ONLY  2,4-D 

Composition  of  'Feed  Min 

pH 

Temper eturo    (°F.) 
C.O'.D.    (ppm) 
2,4-D    (ppm) 

Conditions   of   Treatment 

Aeration   (Hrs./dey) 
Aeration  Rate    ( Cu .Cm. /Min. ) 
Retention  Time    (Hrs.) 

gf t g  c t  ive  ne  ga   of   Tr e  a  tmo nt 

pH  6.1 

C.O.D.  Removal    [%)  63 

2?4-D  Removal    (%)  ?4 

Bio-Assay    {Cucumber  Seed   Test) 


Max 


Av. 


8.5 

8.5 

8.5 

65 

74 

68 

237 

281 

249 

194 

230 

204 

24 

- 

■p 

1400 

19 

27 

23 

7,7  6.8. 

87  74 

97  96 

Normal  Growth 


SYNTHETIC   2,4-D  WASTE 

Cor.rccsition  of  Feed 

nil 

Temp .    ( °F . ) 
2,4-D    (ppm) 
DCP    (ppm) 
C.O.D.    (ppm) 

Conditions  of  Treatment 

Aeration  (Hrs./day) 
Aeration  Rate  ( Cu.Cni./Min. ) 
Retontion  Time  (Hrs.) 

Effectiveness  of  Tieatmont 

pH 

2,4-D  Removal  (4) 

DCP     »     (%) 

C.O.D.   ■      (%) 

Bio-Assay  (Cucumber  Sued  Tost) 


Min 


Max . 


Av, 


7.8 

7.9 

7.9 

76 

78 

77 

153 

156 

155 

120 

138 

133 

271 

300 

285 

24 

- 

- 

1400 

19 

32 

25 

8.0 

8.0 

8.0 

93 

99 

96 

94 

100 

96 

75 

76. 

75 

0  - 

•  5  Ppm 

2,4-D 

Mills 
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TABLE   IJ'.I 
ACTUAL  PLANT  l.'.'STES 


PLANT  VrASTE  FROM  Tm  DICHLOROPiMJOL  PROCPS; 


Composition  of  Feod 

pH 

Temperature    (°F.) 
C.O.D.      (ppm) 
DCP    (ppm) 

Condition  of  Treatment 

Aeration  (Hrs ./day) 
Aeration  Rate  (Cu.Cm,/Min.) 
Retention  Time  (Hrs.) 

Effectiveness  of  Treatment 

pH 

C.O.D.  Removal  {%) 
DCP  Removal  {%) 
Bio-Aysay  Method 


Mia. 


Max. 


Av^ 


7.5 

9.7 

8.5 

65 

76 

70 

161 

955 

427 

82 

652 

591 

«M 

24 

_ 

_ 

1400 

20 

80 

52 

6.3 

8.4 

7.7 

75 

95 

82 

96 

100 

99 

-     Normal  Growth 


PLANT  WASTE  FROM  THS   2.4--D  PROCESS 
Corn-position  of  Feed 

PH 

Temp.    (°F) 

C.O.D.    (ppm) 

DCP    (ppm) 

Conditions  of  Treatment 

Aeration  (Hrs. /day) 
Aeration  Rate  (Cu.Cm./Min.) 
Retention  Tima  (Hrs.) 

Effectiveness  of  Treatment 

pH 

C.O.D.  Removal {%) 
DCP  Removal  (%) 
Bio-Assay  Method 


Min. 

7.6 

896 
122 


17 


Max. 

8.5 

74 

1046 

148 


32 


Av. 


7.9 

72 
972 
138 


24 

1400 

27 


8.6     8.8     8.7 

15       41       28 

94      97      95 

No  growth  of  oucumber  seeds. 


Mills 


TABLE  III  (Cont'd) 


no. 


PLANT  WASTE  CONTAINING  PHENOL 

Composition  of  Feed 

pH 

Temp.  (°F.) 
Phenol  (ppm) 
C.O.D.  (ppm) 

Condition  of  Treatment 

Aeration   (Hrs.)    day) 
Aeration  Rate    (Cu.Cra./Min.) 
Retention  Tirae    (Hrs.) 

Effectiveness  of  Treatmont 

pH 

Phenol  Removal  {%) 

C.O.D.   "     (%) 


Min, 


13 


8.1 
71 
70 


Max . 


6.1 

8.8 

68 

77 

42 

1520 

185 

3618 

8.8 
100 
100 


Ay. 


7.8 

72 

606 

1389 


24 

1400 

22 


8.4 

84 


Mills 
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METHODS  ADOPTED  BY  IMPERIAL  OIL  LIMITED  TO  PREVENT 
PHENOL  CONTAMINATION  OF  THE  ST.  CLAIR  RIVER  IN  THE 
EVMT  OF  AN  ACCIDENT 

By 

J.  T.  V'illiams 
Imperial  Oil  Limited 
Sarnia,.  Ontario 

Imperial  Oil's  Sarnia  Refinery  located  on  the 
upper  St.  Clair  River  must,  of  necessity,  maintain  close 
watch  on  the  quality  of  its  effluent  waters.  Seventy 
miles  down-river  lie  the  cities  of  Detroit  and  Windsor 
which  use  the  St.  Clair  for  industrial  and  domestic  water 
supply.  There  are  also  several  smaller  communities  downstream 
of  Sarnia  making  similar  use  of  the  river.  Phenol  which  is 
used  in  a  treating  plant  and  also  produced  in  various  refin- 
ing processes  could  cause  a  serious  pollution  problem  if 
allowed  to  escape  in  large  quantities  in  the  effluent  waters. 
Over  the  past  four  years  Sarnia  Refinery  has  spent  a  con- 
siderable sum  in  reducing  the  phenol  content  of  its  effluent. 
To  provide  some  background  to  the  present  status  it  is 
necessary  to  review  the  phenol  picture  from  1952  to  date. 

In  1952  the  phenol  treating  plant  which  is  employed 
in  the  finishing  of  lubricating  oils  was  the  chief  source 
of  phenol  contamination.  As  early  as  1951  consideration 
had  been  given  to  the  construction  of  some  type  of  Biol- 
ogical Oxidation  Plant.   It  was  discovered  by  systematic 
research  and  checking  of  the  plant  that  a  large  amount  of 
phenol  to  the  river  was  being  contributed  by  leakage  from 
underground  lines.  As  a  result  all  phenol  carrying  lines 
were  raised  above  ground  and  the  plant  area  paved  with 
asphalt.  Several  dminage  sewers  in  the  plant  proper  were 
diverted  so  as  to  discharge  to  a  phenolic  water  sump.  This 
sump  was  very  carefully  watched  for  phenolic  content  end  at 
such  times  as  this  became  too  high  to  be  discharged  to  the 
sewers  it  was  p\imped  to  a  phenolic  water  tank.  By  1953 
the  foregoing  steps  , had  reduced  the  phenol  discharge  of 
this  plant  from  200  -  500  pounds  per  day  down  to  50. 

At  this  time,  however,  the  new  Catr.lytic  Cracking 
Unit  went  into  operation  and  this  unit,  cilone ,  contributed 
about  400  pounds  per  day  of  phenol.   This  material,  along 
with  phonoiic  water  from  the  Central  Treating  Plant,  was 
eventually  processed  through  a  i;our  water  stripper  which 
removod  a  certain  percentage  of  phenols  and  also  stripped 
it  of  hydrogen  sulphide.  Tho  effluent  was  then  discharged 
to  the  Biological  Oxidation  Plant  for  final  phenol  romovel. 
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The  phenolic  effluent  from  tho  Phenol  Plant  proper 
was  also  pumped  to  tho  Biological  Plant.   The  actua  1 
successful  oporation  of  tho  Biological  Plant  did  not  occur 
until  December  of  1954. 

Phenol  control  was  uir.inte.ined  during  1955  Ot  tho 
required  level  until  December  13  when  a  tube  in  one  of  tho 
exchangers  at  the  Phenol  Plant  split  open.  This  resulted 
in  0  fairly  high  loss  of  phenol  to  the  river  beforo  measures 
could  be  taken  to  bring  it  under  control. 

At  a  Refinery  Management  meeting  immediately  called 
it  was  decided  that  a  change  in  policy  was  no cess cry.  In 
spite  of  all  normal  precautions  and  the  elaborate  system 
installed  during  the  past  few  years  to  collect  and  destroy 
phenol  from  all  known  sources,  it  was  apparent  that  oquipment 
drainage,  lino  breaks,  etc.,  even  if  infrequent,  wore  unavoid- 
able.  Tho  only  solution,  therefore,  was  a  complete  isolation 
of  tho  Phenol  Plant  rroa  from  the  Refinery  sewer  systems. 

As  shown  on  Slide  1,  surface  drainage  including  loaks, 
drips  and  wrshings  are  collected  by  the  oily  wrter  sewer 
system  which  empties  into  a  sump.  Drainage  from  tho  tank  area 
fIso  goes  to  tho  sump  via  rn  18"  sower  and  the  normal  flow 
in  this  sewer  is  prevented  from  flowing  to  the  separators 
by  e  weir  in  Oatoh  basin  "A".  An  existing  storm  sump  pump 
is  being  replaced  by  a  motor-driven  deep  well  type  to  give 
increased  capacity.  This  will  prevent  overflowing  of  the 
weir  during  normel  rainfall,  but  does  not  allow  for  flash 
floods  . 

The  clean  water  sewer  flow  is  made  up  from  overflow 
of  the  tempered  water  tank  No,  1058,  flow  from  a  box  cooler 
and  three  tube  coolers  not  u3ing  tempered  water.  Tempered 
wetcr  circulates  through  sovon  overhead  condensers  and  two 
coolers  to  the  tempered  water  trnk  and  return.  1100  GPM 
make-up  maintains  this  water  at  6o°P,  during  the  winter.  In 
the  summer  2000  GPM  are  required,  and  in  both  cases  tho  over- 
flow is  too  groat  for  tho  Bio  Plant  to  handle  .  It  was 
essential  that  this  cooling  water  system  be  isolated  from 
tho  Refinery  sewers, 

The  Bio  Plant  is  another  source  of  pollution  due  to 
the  possibility  of  loaks  or  overflow  from  the  storage  tanks 
and  vessels  whioh  would  drain  to  No.  11  Separator.  This 
would  also  include  a  new  25,000  barrel  emergency  storage 

tank. 
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TTCCTNT  STEPS  TiJCRN  TO  ISOLjJTO  TiP,  OILY  '.VATO  SYSTEM 

To  date,  the  following  stops  nate  been  taken  to  isolate 
tho  system: 

(1)  The  discharge  from  the  phenol  feed  proheater  C629 
was  diverted  to  the  oily  sewer. 

(2)  The  sewer  connection  from  the  sump  to  catch  basin 
"A"  blocked  off  to  prevent:  any  flow  to  9  and  10 
Sepc.rr.tors  . 

(3)  Tho  natural  reservoir  is  formed  by  tho  tank  lot, 
which  is  2£  feet  below  grade. 

(4)  A  motor  driven  pump  was  set  up  to  trko  suction  on 
catch  basin  "E"  and  pump  any  collected  water  to  912 
tank,  which  was  sot  asido  as  temporary  emergency 
storr.ge , 

(5)  Other  catch  basins  were  isolated  from  the  Phenol  Plant 
sewer  as  shown  on  Slide  1, 

(6)  Process  men  wore  employed  on  shift  to  sample  r.nd 
tost  the  effluent  from  the  cooling  water  system  at 
half  hour  intervals.  If  the  phenol  content  rises 
above  5000  parts  per  billion,  if  necessary  the  Plant 
could  be  shut  down. 

PROPOSED  FACILITIES 

Isolation  of  Oily  Water  System 

The  following  steps  have  been  proposed  and  will 
be  carried  out  to  completely  isolate  tho  oily  water  system. 

(1)  Tho  Installation  of  a  spare  deep  well  pump  to  be 
located  in  the  sump.  This  will  onsure  continual 
operation  in  the  event  of  a  pump  failure. 

(2)  The  erection  of  a  new  25,000  barrel  tank  to  supply 
surge  capacity  for  the  Biological  Plant.  This  tank 
will  be  located  as  shown  in  tho  vicinity  of  the  fore- 
going Plant,  and  tho  entire  area  will  be  enclosed  by 
a  concrete  retaining  wall,   (Figure  1) 

Isolation  of  Clean  Water  System 

(1)  The  Installation  of  a  cooling  tower  which  will  supply 
78°F.  water  to  the  overhead  condensers  and  existing 
coolers  now  using  service  water. 

(2)  Three  motor-driven  deep  well  centrifugal  pumps,  each 
having  a  capacity  of  1750  GPM  at  85  psig,  to  take 
suction  on  tho  cooling  tower  and  supply  water  to  tho 
Phenol  Plant . 
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(5)   12"  supply  Mid  return  linos  ^s  shown  on  Figure  2. 

(4)  A  150  GPM  motor-drivon  centrifugal  pump  to  return 
wrtcr  from  the  open  cooler  box  to  the  12"  return  lino  4 
This  pump  will  he  placed  on  levol  control. 

(5)  Make-up  wrter  to  be  supplied  fron  -.  n  existing  8"  mien, 
una  purge  lines  as  shovvn  to  bo  connoctod  to  tho  Biolog- 
ical Plant  r.nd  No,  12  Separator  , 

(6)  A  continuous  phenol  r.n:lyzor  to  be  installed  on  the 
blowdown  line  from  tho  cooling  tower  :.nd  to  r  ctuato  an 
alarm  in  the  Phenol  Plt.nt  control  room  when  the  phenol 
content  reaches  p,  predetermined  level. 

Tho  foregoing  system  will  completely  enclose  both  tho 
oily  and  clem  water  system  end  should  prevent  my  possibility 
of  phenol  escrping  to  the  river  from  this  pirnt. 

Wo  feel  confident  that  following  the  installation  of 
the  foregoing  facilities ,  Imperial  Oil's  S:  rnia  Refinery  will 
bo  able  to  meet  find  maintain  tho  I.J.C.'s  objective  for 
phenol  content  in  the  St.  Clair  River.  These  fp.cilitios 
have  boon  designed  to  meet  practically  my  eventualities 
which  might  -rise .   Slide  No.  5  indicates  the  extent  of 
Imperial's  efforts  to  reduce  phonol  contamination  since  1950 
and  the  target  for  195&. 
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THE  USE  OF  BIO -ASSAYS  IN  RELATION  TO  THE 
DISPOSAL  OF  TOXIC  V.ASTES 


By 
Dr.  C.  M.  Tarzwoll 
Robert  A.  Taft  Sr.nl t cry  Engineering  Center 
Public  Hoeilth  Sorvtoo 

Cincinnati,  Ohio 


Although  bio-r.sanys  are  only  now  coming;  into 
general  use  for  evaluating  the  toxicity  of  Writer  pollu- 
tants, the  technique  is  neithor  nuw  nor  untried.  Bio- 
assays  have  been  usee:  for  meeting  r  variety  of  problems 
for  many  years.  Perhaps  one  of  the  earliest  uses was  tho 
employment  of  food  testers  by  persons  of  high  rank  to 
determine  if  the  feod  wrs  safe  to  eft.  This  use  of 
humr.ns  as  bio-re  agents  was  simple  but  evidently  offective 
end  wrs  practiced  ever  wide  r.rese  for  ei  considerable  per- 
iod. In  more  recent  times  the  bio-assay  technique  hes 
been  effectively  used  for  the  assay  of  drugs,  toxins, 
antitoxins,  vaccines,  insecticides,  vitamins,  end  mr.ny  othor 
products, 

Bio-assay3  to  determine  the  toxicity  of  certain 
wastes  to  fishes  were  used  in  Europe  about  fifty  years 
ago.  In  this  country  pioneering  work  has  been  done  by 
Shelf ord,  Belding,  Carpontor,  onfi  Ellis  in  tho  develop- 
ment of  methods  rnd  procedures.  Hart,  Doudoroff,  rnd 
Grcenba.nk  developed  a  method  of  approach  for  obtaining 
comparable  data.  In  an  effort  to  standardize  bio-assay 
methods  they  evolved  relatively  simple  procedures  which 
yield  results  r.pplicablo  to  most  practical  problems. 
They  summarized  pertinent  information  on  bio-ossa.ys  in  a 
comprehensive  book  (1)  ,  Since  this  work  has  been  out  of 
print  for  several  yeirs  .rnd  only  a  small  numb  or  were  prin- 
ted, It  is  gonorally  unavailrblo.  It  hns  now  been  super- 
seded by  a  moro  rocent  publication  entitled,  "Bio-asscy 
Methods  for  the  Evaluation  of  Acute  Toxicity  of  Industrial 
Wastes  to  Fish,"  which  appe:rcd  In  tho  November  1951  issue  of 
Sewago  rnd  Incugtrinl  r^stos  (2).   This  publication  wfs 
propared  by  Section  111  of  the  Subcommittee  on  Toxicity 
of  tho  Federation  of  Sewago  and  Industrial  Wastes  Assoc- 
iations which  was  under  the  chairmanship  of  Dr.  Peter  Doud- 
oroff. 

The  bio-ass oy  is  a  procedure  for  determining  tho 
toxicity  of  a  materiel  or  mixturo  of  materials  to  selec- 
ted organisms  under  specific  conditions.  By  varying  tho 
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typo  of  dilution  wr.tcr,  blo-asseiya  ru  y  be  used  to  deter- 
mine how  tho  toxicity  of  r.  particular  material  or  subst:  nco 
is  influenced  by  certain  water  quality  obc  racteristi.es . 
Thay  may  bo  used  in  like  manner  to  determine  the  toxicity 
of  such  materials  or  wastes  to  particular  species  or  groups 
of  organisms. 

In  bio-assays  to  determine  the  off octivenoss  of 
insecticic'os  for  the  control  of  certain  insects,  results 
aro  expressed  r.s  LDco»  tntit  is  >  ttlc  coso  wniGn  ist  lothsl 
to  half  of  the  insects.  In  fish  toxicity  investigations, 
results  are  reported  as  the  24-,  46-,  or  96-hour  median 
tolerance  limit  (T^)  ;  that  is  the  concentration  of  the 
wasto  which  kills  half  the  test  fish  in  24,  48,  or  96  huurs . 
Several  bio-assay  methods  may  bo  used  in  determining  the 
TLjn  values  of  a  waste,  the  mot  hod  used  being  determined 
by  the  character  of  tho  wrsto .  For  m,ny  wastes  the  simple 
static  bic-nsscy  may  be  used.  This  test  is  made  by  prupcr- 
ing  serial  dilutions  of  the  wasto  in  a  logarithmic  series 
of  concentration  such  as  10,5.6,  p. 2,  1.8,  and  1  percent  of 
the  wasto,  in  wator  from  tho  receiving  stream  or  a  prepared 
wator  similar  to  the  stream  wator;  placing  fishos  in  thesa 
various  dilutions  end  recording  kills  at  24,  48 ^  and  96 
hours.  Tho  obsorvoc.  mortality  at  24,  48,  and  9o  hours  in 
tho  different  concentrations  are  plotted  on  semi-log  paper, 
tho  percent  survival  of  fi3h  on  tho  .".rithmetic  scale,  1  nd 
the  concentrrtion  on  tho  log  scale  .  The  TIm  values  are 
then  obtained  by  morns  of  straight  lino  graphical  inter- 
polation roading  the  TLm  directly  from  tho  graph  where  tho 
lino  crosses  the  50  percent  survival  line. 

For  wasto3  of  completely  unknown  toxicity,  it  is 
desirable  to  make  simple  exploratory  tests  over  a  wide 
rongo  of  dilutions  of  the  waste  such  as  10,  1,  and  0.1 
percent.  Tnese  tests  can  bo  made  in  widomouth  one-gallon 
glass  jars  using  two  liters  of  the  test  solution  and  two 
fish.  Such  screening  tosts  iudicte  the  rango  of  dilutions 
which  should  bo  used  in  tho  full  scale  tests. 

Some  wastus  require  spcoial  treatment  because  they  may 
be  complexod,  precipitated ,  oxidized,  influenced  by  the 
wasto  products  from  the  fish,  or  may  bo  volatile  rnd/or  hnvo 
groat  oxygen  domand .  Mrny  of  these  problems  may  be  met  by 
renewing  tho  static  solutions  at  regular  intervals.  If  tho 
toxicant  is  volatilo  and/or  has  a  large  oxygen  demand,  tho 
Doudoroff  method  (2)  of  bubbling  air  or  oxygen  through  the 
test  solution  can  be  usod  to  m-  intcin  D.O,  with  a  minimum 
loss  of  volatilo  compononts .  For  wastes  prosonting  these 
problems  r.  constant  flew  proooduro  whore  tho  pollutant  and 
tho  dilution  water  arc  constantly  renowod  may  bo  necessary. 
Howcvor,  this  method  roquiros  consider: bio  equipment  and 
large  volumes  of  affluent  and  dilution  water,  Strtlc  bio- 
assays  aro  adequate  for  mr.ny  wastes. 
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The  bio-assay  is  a  tool  which  can  prove  vory  useful 
for  tho  detection.  and  evaluation  of  certain  typos  of  pol- 
lution problems.  It  provides  a  direct  approach  to  tho 
problem  of  tho  toxicity  of  wastos  to  aquatic  life  and  in 
most  instances  it  is  also  tho  quickest  r.nd  most  economical 
approach.  It  provides  information  on  tho  toxicity  to.  fishes 
of  a  .particular  waste  in  a  particular  racoiving  water. 
Such  toxicological  information  is  basic  for  the  establishment 
of  water  quality  criteria  for  aquatic  life. 

Many  have  observe?  that  tho  toxicity  of  tho.  same  or 
similar  wrstos  may  vary  widely  in  different  steams.  There 
aro  many  factors  which  may  influence  the  toxicity  of  a  waste 
or  material.  Among  these  are  temperature;  dissolved  oxygen 
and  COp;  pH,  alkalinity,  and- hardness ;  and  wastes  cr  other 
materials  already  in  the  receiving  wator.   In  goncral, 
materials  aro  more  toxic  at  higher  temperatures  and  at  low 
dissolved  oxygen  levels .  Alkalinity  and  hardness  aro  of 
outstanding  importance  in  determining  the  toxicity  of  the 
heavy  metals  through  precipitation,  comploxation,  or  buffer- 
ing aotion.  Even  small ■changes  in  pH  can  greatly  alter  tho 
toxicity  of  such  materials  as  ammonia.,  the  metals,  motallo- 
cyanide  complexes,  and  some  of  the  weak  acids.   Carbon  dio- 
xide may,  through  its  effects  on  pH  rontfer  some  materials 
more  toxic  or  it  may  serve  to  make  others  loos  toxic. 
Anothor  outstanding  variable  is  the  synergistic  or  antagon- 
istic effects  of  materials  naturally  present  and  of  wastes 
which  have  been  added,  upstream. 

Cyanide  has  boon  shown  to  bo  more  toxio  at  low 
dissolved,  oxygon  levels  and  it  has  also  beon  found  to  be 
more  toxic  at  higher  temperatures ,  The  heavy  metals  aro 
considerably  more  toxic  at  tho  lower  pH  levels  as  they  aro 
moro  soluble  in  acid  solutions,  Ammonia  bocomos  vory  rap- 
idly more  toxio  as  tho  pH  increases  above  8,0,  This  is 
probably  because  tho  NH4OH  moloculo  is  much  more  toxic  than 
tho  NH^  ion.  Being  a  weak  base  ionization  of  NTLOH  is 
doprossod  as  the  pH  increases  with  the  result  that  moro  and 
moro  molecules  are  present  as  the  pH  raises  and  thus  the 
toxicity  increases.  Ellis  (5)  found  that  tho  toxicity  of 
ammonia  increased  200  percent  or  moro  between  pH  7,4  and 
pH  8,0,  Acid  salts  of  ammonia  can  be  expooted  to  be  less 
toxic  in  soft  water  with  lower  buffering  capacity  as  they 
lower  the  pH.  and  do  crease  tho  concentration  of  NH.QH  mole- 
cules,  The  base  is  much  moro  harmful  then  ammonium  salts 
in  the  same  water  and  its  toxicity  can  be  reduced  or  elim- 
inated by  the  addition  of  acid,  Thu3  the  total  amount  of 
ammonium. ion  prosont  as  indicated  by  chemical  analysis  is 
not  necessarily  a  moasure  of  toxicity. 

Somo  cyanide  oompounds  are  vory  toxic  but  somo 
others  are  relatively  montoxic.  Forrocyanido  and  ferricy- 
anido  woro  at  one  timo  considered  relatively  nontoxic  as 
fish  lived  for  short  poriods  in  concentrations  of  1000  to 
2000  p. p.m.  of  these  materials  with  no  apparent  harm.  How- 
ever, when  exposed  to  sunlight  those  materials  are  subjeot 
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to  photo-decompo3ition  with  the  result  they  break  down 
and  become  toxic  at  concentrations  as  low  as  2  p.p.m.  (4), 
The  toxicity  of  many  of  the  metal-cyanide  complexes  is 
greatly  influenced  by  pH.  Doudoroff  (5)  has  reported  that 
fish  can  withstand  more  than  1000  times  as  much  nickel 
cyanide  complex  at  pH  8  as  at  pH  6,5.  He  also  found  that 
the  doubling  of  the  hydrogen  ion  concentration,  that  is, 
the  reduction  of  the  pH  0.3  unit  from. 7. 8  to  7.5,  can  result 
in  more  than  a  tenfold  increase  in  the  toxicity  of  a  NaCN- 
MiSo^  mixture,  From  these  findings  it  is  quite  apparent 
that  the  concentration  of  cyanide  reported  in  an  undiluted 
cyanide  bearing  waste  is  not  necessarily  a  reliable  measure 
of  the  toxicity  of  the  waste  in  the  receiving  stream. 

The  total  alkalinity  and  hardness  of  o  receiving 
water  are  factors  which  influence  the  toxicity  of  a  waste, 
In  studies  carried  on  at  the  Robert  A.  Taft  Sanitary  Engin- 
eering Center  in  Cincinnati,  it  has  been  found  that  many  of 
the  metals  are  much  more  toxic,  in  soft  water  than  they  are 
in  hard  weter.  For  example,  Beryllium  and- Uranium  were 
60  to  80  times  more  toxic  to  fathead  minnows  in  soft  water 
than  they  were  in  hard  water.   Copper  has  killed  fish  at 
concentrations  as  low  as  0.06  p. p.m.  in  soft  water  with  a  low 
pH;  whereas  it  is  well  known  that  during  algicidal  operations 
in  some  lakes  concentrations  well  above  0.5  p. p.m.  have  been 
applied  without  lethal  effects  to  fishes.  The  toxicity  of 
solutions  containing  Titanium,  Vanadium,  Zirconium,  and  other 
metals  may  be  reduced  due  to  precipitation  or  complexing  with 
materials  present  in  the  water,  thus  reducing  the  amount  of 
metal  ion  in  solution. 

Dissociation,  recombination,  and  oxidization  are  also 
of  importance  in  determining  the  toxicity  of  a  waste  in  a 
receiving  stream.  Recent  studies  at  the  Sanitary  Engineer- 
ing Center  disclosed  that  fish  lived  longer  in  a  relatively 
high  concentration  of  Na2S  than  they  did  in  weak  solutions. 
In  the  weaker  solutions  oxidation  produced  S04  which,  due 
to  dissociation  and  recombination,  caused  a  lowering  of  the 
pH.  This  in  turn  increased  the  amount  of  H_S  formed  by  the 
dissociation  of  Na2S.   Since  it  is  the  HpS  molecule  which 
is  largely  if  not  entirely  responsible  for  the  toxicity,  the 
lowering  of  the  pH  depresses  tho  ionization  of  the  H2S  and 
the  toxicity  increases. 

Moderate  concentrations  of  metal  salts  such  as  thoso 
of  sodium,  magnesium,  potassium,  or  calcium  which  are  harm- 
less to  fish  in  sea  water  and  highly  mineralized  fresh  water 
can  bo  injurious  when  they  occur  alone  or  in  physiologically 
unbalanced  solution.  The  toxicity  of  copper,  zinc,  and 
other  heavy  metals  is  counteracted  by  calcium  and  othor 
antagonistic  metal  cations.   On  tho  othor  hand  copper  and 
zinc,  copper  and  cadmium,  and  zinc  and  nickel  are  strongly 
synergistic  In  studies  carried  out  at  the  Center,  Douforoff 
found  that  0,025  p. p.m.  of  copper  with  1  p. p.m.  zinc  in  soft 
water  were  more  toxio  to  fathoad  minnows  than  0.2  p. p.m. 
copper,  or  8.0  p. p.m.  of  zinc  alone. 
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It  is  evident  from  tbe  foregoing  that  the  char- 
acter of  the  receiving  water  can  causn  wide  variations  in 
the  toxicity  of  many  materials  to  fishes.  Further,  wastes 
already  in  a  stream  or  added  subsequently  may  influence 
the  toxicity  of  another  waste  through  antagonistic  or 
synergistic  action.   Chemical  analyses  alone  cannot  indicate 
toxicity  in  most  instances  but  a  knowledge  of  the  chemical 
makeup  of  a  waste  can  be  very  helpful  in  a  number  of  ways 
when  the  toxicity  is  determined  by  bio-assay.  Further, 
analytical  methods  are  not  available  for  all  substances  which 
may  be  toxic  to  f ishas  end  methods  are  not  sensitive  enough 
to  detect  some  materials  at  the  low  concentrations  at  which 
they  are  toxic  to  fish.  In  addition,  e  knwoledge  of  the 
main  constituents  of  a  waste  and  thoir  individual  toxicity 
would  not  neces3{rily  provide  en  indication  of  the  toxicity 
of  the  complex  waste  or  its  variation  with  changes  in  water 
quality. 

In  view  of  this  situation  it  is  believed  that  wator 
quality  criteria  expressed  in  general  numerical  terms  cannot 
be  set  up  for  all  materials  to  apply  over  extensive  sroas  or 
even  to  all  parts  of  the  same  &rcrm.  If  such  a  cook  book 
approach  is  used,  permissible  levels  must  bo  set  so  low  that 
the  allowable  concentration  is  safe  even  under  those  situ- 
ations in  which  the  material  is  most  toxic.  It  is  apparent, 
therefore,  that  rigid  standards  applied  over  wide  areas 
will  penalize  those  industries  on  streams  having  water  In 
which  tho  wastos  are  loss  toxic  as  the  criteria  must  bo  set 
at  a  level  to  protect  aquatic  life  in  those  streams  having 
water  quality  characteristics  under  which  tho  waste  is  most 
toxio. 

It  is  boliovod  that  there  ore  three  main  criteria 
which  can  be  assigned  numerical  values  which  are  applicable 
over  extensive  areas.  Those  are  criteria  for  temperature, 
D.O.,  and  pH.  While  there  are  some  substencos  tho  toxicity 
of  which  is  not  significantly  affected  by  water  quality,  it 
is  boliovod  that  from  the  sta.ndpoint  of  fairness  and  ocouomy 
it  is  desirable  to  adopt  the  tailor-made  approach  for  toxicity 
criteria  and  establish  safe  levels  based  on  tho  amount  of  a 
particular  waste  that  can  be  added  to  a  particular  stream  at  a 
spocific  point  without  detriment  to  aquotic  life.  This  can 
best  bo  determined  by  moans  of  bio-assays  made  with  tho  waste 
in  question  and  using  for  dilution,  water  from  the  receiving 
stream  end  omploying  local  fish  as  bio-reagents.   Tho  bio- 
e.ssay  takes  into  consideration  most,  of  the  factors  governing 
toxicity  and  is  &   direct  approach  to  the  problem. 

Bio-assays  are  a  tool  which  can  be  used  by  industry 
and  enforcement  rgencios .   They  can  be  used  by  industry  to 
answer  a  number  of  questions:   (1)   Is  the  waste  toxic  to 
fishes;  (2)  How  toxic  is  it;  (?)  If  it  is  so  toxic  that  fish 
will  bo  killed  during  low  flow  periods,  can  the  wastes  be 
stored  and  released  according  to  stream  flow  so  that  critical 
concentrations  tro  not  attained;  (4)  If  water  is  not  available 
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to  provide  neoded  dilution,  how  much  must  the  toxicity  bo 
reduced;  (5)  How  iffootivc  trd  tho  various  trcrtmont  methods 
for  the  reduction  of  toxicity;  end  (6)  How  docs  the  toxicity 
of  the  effluent  vary.  Continuous  flow  bio-assays  sot  up  e.s 
e  monitoring  system  can  be  U3ud  to  dotoct  any  unusual  tox- 
icity duo  to  spills  or  the  release  of  wastos  from  certain 
processes  during  short  periods.  By  moans  of  tho  proper  sam- 
pling of  waste  flows  rnd  tho  uso  of  bio-assays,  tho  main 
sourcos  of  toxic  wastes  in  a  plant  cm  be  loc?.  tod.  If  tho 
toxicity  of  a  total  of fluent  is  attributable  to  tho  waste  from 
one  or  more  unit  processes,  wastes  from  which  oro  smr.ll  in 
volume,  it  is  evident  that  bio-r.S3r.ys  can  bo  of  value  .  in 
reducing  waste  treatment  cost  as  it  is  much  choapor  to  dispose 
of  or  treat  r.  small  volume  of  wasto  than  it  is  to  treat  the 
entire  wasto  of  tho  plant. 

Bio- ass ays  can  bo  helpful  to  pollution  control  agencies 
in  determining  if  a  particular  plant  should  be  located  »fl 
given  stroam.  Bio-assay  of  wastes  from  pilot  plants  or  sim- 
ilar existing  plants,  using  for  dilution,  wutor  token  from 
the  roceiving  stroem  at  tho  point  whero  is  is  proposed  to 
discharge  tho  waste,  will  indicate  tho  toxicity  of  the  waste 
in  that  particular  stream,  the  amount  of  dilution  water  required, 
and  the  advisability  of  locating  the  industry  at  that  point. 
Bio-assays  can  also  bo  used  to  determine:  industries  contributing 
toxic  wastos;  tho  relative  toxicity  of  different  offluonts  and 
the  total  wastes  from  different  plants;  and  the  ability  of  a 
stream  to  assimilate  tho  wastos  of  rn  industrial  complex, 
They  will,  in  addition,  be  of  value  in  apportioning  stroam  uso 
equitably  among  the  various  industries  according  to  the  toxicity 
of  their  total  wasto  and  for  detecting  violations  of  regulations. 
As  industry  increases  and  wrtor  for  dilution  becomes  more 
critical  i  knowledge  of  the  total  rnd  relative  toxicity  of  the 
wastes  of  different  industries  will  bo  basic  to  fair  and  correct 
handling  of  waste  treatment  and  discharge.  The  time  may  come 
whon  industries  will  be  located  aocording  to  tho  character  of 
their  wastos.  It  certainly  would  bo  logical  to  think  of  waste 
disposal  before  the  plant  is  looated,  to  locate  only  whero 
there  is  sufficient  dilution  water,  rnd  to  group  industries 
in  such  arrangement  that  thoir  wastos  are  antagonistic  rather 
than  synergistic.  The  disposal  and  treatment  problems  of  an 
industry  having  considerable  ammonia  in  its  wasto,  and  located 
on  a  stream  high  in  aoid  mine  waste,  would  certainly  be  com- 
plicated by  the  location  of  another  plant  upstream  which  had  an 
alkaline  waste  that  raised  the  pH  of  the  stream  above  8.0, 
because  ovon  slight  increases  in  pH  above  this  level  bring 
about  great  increases  in  the  toxicity  of  ammonia.  The  waste 
disposal  problem  of  a  plant  located  on  a  hard  water  stream  and 
having  heavy  metals  in  its  wasto  might  well  bo  increased  by 
establishment  upstream  of  a  plant  discharging  sufficient  acid 
to  lower  the  pH  of  tho  stroam  as  the  heavy  motels  are  more 
toxio  at  lower  pH,  Tho  release  of  matoriala  whioh  are 
synergistic  to  existing  wastes  in  tho  stroam  con  also  create 
problems . 
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As  now  commonly  usud,  bio-assays  determine)  acute 
toxicity  or  direct  injury  to  fish  upon  short  exposure. 
They  do  not  take  into  consideration  the  long  time  or  chronic 
effect  or  the  possible  injury  to  aquatic  life  other  then 
the  tost  fish."  The  TI«g  values ,  since  they  indicate  con- 
centrations at  which  half  the  fish 'arc  killed,  obviously 
do  not  represent  concentrations  which  are  harmless  in  fish 
habitats.  Liberal  application  or  dilution  factors  must  be 
applied  to  indicnto  safe  disposal  rates   Considerable  re- 
search will  bo  required  to  determine  application  factors  for 
the  various  industrial  wastes.  It  is  expected  that  the 
application  factor  will  be  a  value  which",  when  used  with  the 
TLm,  will  indicate  the  dilution  needed  for  that  waste  in 
order  to  render  it  safe  for  aquatic  life. 

There  are  several  factors  which  necessitate  that 
dilutions  essential  for  the  protection  of  aquatic  life  be 
several  times  greater  than  the  TLjq  value  at  which  only  half 
the  fish  survive.  In  the  first  pTace  it  is  required  that 
all  fish  survive  not  for  just  4  8  hours  but  under  conditions 
of  continuous  exposure.  Further,  other  fish  may  be  consider- 
ably more  sensitive  than  the  test  fish.  Fry  and  other  life 
history  stages  are  generally  more  sensitive  than  adult  fish. 
It  is  known  that  many  fish  food  organisms  are  losa  resistant 
to  certain  toxicants  than  are  fish.   Conditions  should  bo 
favorable  not  only  for  fish  but  for  fish  food  organisms  if 
the  former  are  to  grow,  reproduce,  and  provide  a  suitable 
crop.   In  addition,  some  allowance  must  bo  made  for  variations 
in  the  volume  and  toxicity  of  effluonts.  Maximum  toxic  con- 
ditions are  the  limiting  factor  which  must  be  provided  for 
in  the  protection  of  aquatic  life,   Changes  in  water  quality 
characteristics,  synergism  and  antagonism  bo two on  toxicants, 
and  natural  purification  are  othor  factors  that  must  bo  kept 
in  mind.  When  all  those  factors  are  considered  it  Is  apparent 
that  the  dilution  required  for  the  protection  of  aquatio  life 

may  well  be  5  to  10  times  that  of  the  48  hour  TL,„, 

hi. 
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TOXICITY  OF  CYAMDES  TO  FISH 
Jrhn  H.  Nell 
Biologist,  Ontario  Department  of  Health, 
Toronto,  Ont. 


Cyanide  is  a  chemical  which  nas  been  known  to  mankind  for  a 
long  time.   In  years  past,  it  was  the  favourite  poison  for  hastening 
the  accession  to  the  thrones  of  Europe.   As  a  safeguard,  the  royal  fam- 
ilies employed  tasters  to  assure  that  the  food  was  not  poisoned.   Cyan- 
ide is  today  one  of  Industry's  favourite  poisons  for  killing  fish,  and 
again  the  taster  principle,  in  the  form  of  the  bio-assay,  is  used  to 
determine  the  safety  of  water  for  fish. 

Cyanide  is  an  important  chemical,  especially  to  the  metal 
industry.   Its  power  to  form  soluble  complexes  with  heavy  metels  makes 
it  very  useful  in  plating  and  in  the  refining  of  gold  and  other  metals. 
It  is  also  commonly  discharged  as  a  waste  from  coal  gas  production,  and 
as  a  by-product  of  coke  ovens. 

The  striking  effect  of  even  smell  quantities  of  cyanide  in 
water  in  killing  fish  has  stimulated  biologists  and  chemists  in  Canada, 
the  United  States  and  Britain  to  conduct  investigations  to  determine 
Just  how  much  cyanide  is  required  to  kill  fish.   Unfortunately,  much  of 
the  information  that  appears  in  the  literature  is  based  on  batch  tests 
where  fish  were  simply  put  in  solutions  of  known  concentrations  and  the 
time-to-death  determined.   It  has  since  been  shown  that  the  concentra- 
tion of  cyanide  drops  rrpidly  in  the  solution  because  of  absorption  on 
the  mucous  membrane,  and  if  the  solution  is  aerated  to  maintain  favour- 
able oxygen  levels,  much  of  the  cyanide  is  lost  as  volatile  hydrocyanic 
acid.   Thus,  if  the  fish  do  not  die  within  a  relatively  short  time,  the 
concentration  is  soon  lowered  to  a  point  where  they  are  able  to  live  In- 
definitely.  For  this  reason,  tolerable  limits  have  often  been  set  too 
high,  or  at  least  on  the  basis  of  incomplete  Information. 

Ontario  Is  fortunate  and  proud  of  the  valuable  species  of 
fish  that  inhabit  its  streams  and  lakes.   In  many  cases,  these  fish, 
belong  to  the  Salmonoid  or  trout-herring  family  which  ara  known  to  be 
some  of  the  forms  most  susceptible  to  cyanide  and  other  toxicants.  As 
only  incomplete  information  was  available  on  the  effect  of  cyanide  to 
native  fish,  an  experiment  was  planned  so  that  the  dangers  of  cyanide 
pollution  could  be  assessed  on  a  scientific  basis  and  thus  provide  bet- 
ter information  for  industry. 

For  the  purpose  of  this  experiment,  four-inch  speckled  trout 
were  used  as  a  test  fish.   They  were  acclimated  to  the  temperature  used 
in  the  tests  for  a  period  of  at  least  two  weeks,  and  during  acclimation 
and  testing  were  kept  under  favourable  oxygen  conditions.   The  apparatus 
built  provided  a  continuous  flow  of  a  liter  and  a  half  a  minute  of  solu- 
tion bearing  a  known  concentration  of  potassium  cyanide.   For  each  con- 
centration tested,  ten  trout  were  used.   Each  fish  was  removed  from  the 
test  solution  when  it  failed  to  maintain  its  ealanco  and  was  not  respon- 
sive to  stimuli.   Because  of  the  time  available,  a  limit  of  ^000  minutes, 
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about  three  and  a  helf  days,  was  sat  es  the  end  point  of  the  aeries. 

The  teat  fish  were  subjected  to  concentrations  of  from  2  ppm 
to  0.08J  ppm.  While  cyanide  concentrations  are  expressed  as  the  CN  ion, 
the  most  toxic  form  is  considered  to  be  the  HCN  molecule.  At  concentra- 
tions of  2  ppm,  the  time-to-overturn  was  approximately  five  minutes. 
As  the  concentrations  were  reduced  to  0.5  Dpm,  little" change  was  noted 
in  the  time-to-overturn.   This  is  undoubtedly  due  to  some  minimum  time 
required  for  a  fish  to  die  and  is  not  dependent  upon  the  cyanide  concen- 
tration. At  about  this  point  the  character  of  the  slope  changes  and 
enters  a  straight  lino  logarithmic  phase  where  the  log  of  the  geometric 
mean  of  time-to-overturn  is  proportional  to  the  log  of  the  cyanide  con- 
centration. At  a  concentration  of  .2  ppm,  the  fish  overturned  in  IgG 
minutes  and  at  .1  ppm,  the  overturn  occurred  at  about  ikOO   minutes,  or 
approximately  one  day.   The  final  cyanide  run  used  was  .OS  ppm,  where 
half  the  fish  in  two  tests  had  overturned  within  5000  minutes,  three 
and  a  half  days.   This  final  point  Is  a  little  off  the  curve,  but  with- 
in the  limits  of  experimental  error. 

The  experiments  were  ended  at  this  point  because  of  the  time 
available  and  not  because  it  was  considered  the  limit  of  toxicity.   Fish 
that  had  been  subjected  to  such  low  concentrations  as  .  Og  ppm  -  which  is 
less  than  13  ounces  of  cyanide  in  one  million  gallons  of  water  -  soon 
showed  signs  of  distress.   Their  movements  became  sluggish  and  they  ap- 
peared to  release  gas  from  the  air  bladder,  so  that  they  remained  on 
the  bottom,   periodically,  exaggerated  activity  would  occur  when  one  or 
more  fish  would  suddenly  circle  the  chamber  and  Jump  for  a  short  inter- 
val, then  drop  back  to  the  bottom,  apparently  exhausted  and  often  unable 
to  maintain  balance  for  a  short  period.   At  low  concentrations,  the 
trout  soon  began  to  take  on  a  dark  colour,  which  easily  distinguished 
them  from  other  fish  if  returned  to  the  holding  tank. 

Both  the  behaviour  effect  end  the  colour  change  indicate  that 
even  in  these  low  concentrations,  cyanide  soon  affects  the  fish  and 
would  put  them  in  a  very  unfavourable  oosltion  under  natural  conditions. 

A  similar  experiment  was  performed  by  two  English  authors 
using  rainbow  trout.   Again  the  fish  were  kept  in  favourable  conditions, 
but  et  a  higher  temperature  (17.5°C).   Their  results  are  quite  similar 
to  the  results  of  the  experiment  Just  described,  although  the  speckled 
trout  died  more  quickly  at  the  higher  concentrations. 

Cyanides  generally  enter  the  water  as  industrial  effluents 
often  from  the  plating  industry.   In  olatlng,  thsy  are  in  contact  with 
various  metals  such  as  iron,  nickel  and  zinc.   Being  highly  reactive, 
the  cyanide  is  generally  complexed  in  some  form  or  other.   Realizing 
this,  a  number  of  toxicity  studies  have  been  designed  to  test  the  lethal 
limits  of  these  complexes.   The  literature  contains  neat  figures  which 
indicates  that  relatively  high  concentrations  of  f errocyanides ,  such  as 
2000  ppm,  are  not  toxic  to  minnows  and  goldfish,  or  that  0000  ppm  ie 
not  toxic  to  trout  in  one  hour.   The  complexing  of  cyanide  with  nickel 
salts  has  recently  been  suggested  as  a  method  of  stabilizing  cyanides 
in  order  that  they  may  be  safely  discharged.   Unfortunately,  many  of 
these  data  have  been  published  from  short-term  experiments  and  with 
little  regard  for  a  number  of  chemical  and  environmental  factors  that 
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may  profoundly  alter  the  toxicity. 

A  few  years  Sg©  in  the  State  of  Mew  York,  several  serious  fish 
kills  occurred  in  rivers  receiving  plating  wastes.   The  toxic  material 
undoubtedly  came  from  these  industries,  Put  the  cyanides  were  known  to 
he  complexod  with  iron.  While  this  complex  had  a  high  threshold  toxic- 
ity, still  fish  were  dying  at  low  concentrations.   An  investigation  into 
the  cause  of  these  mortalities  showed  that  under  the  influence  of  stror^, 
sunlight,  the  iron  cyanide  complex  was  broken  down  and  that  the  free  SU 
ion  was  released.   It  was  demonstrated  that  photo  decomposition  of  con- 
centrations as  low  as  3  PPm  of  ferro-  or  ferricyanides  we 3  lethal  to 
minnows,  a  very  different  figure  from  the  S000  ppm  previously  quoted  as 
not  killing  trout. 

Many  metals  comolex  readily  with  cyanide,  even  in  dilute  solu- 
tions.  Nickel  cyanide  is  such  a  complex  and  it  is  known  to  be  relative- 
ly stable.   The  paper  published  suggesting  the  addition  of  nickel  salts 
as  a  method  of  treating  cyanide  wastes  included  results  of  a  short  bio- 
assay,,  and  the  evidence  appeared  rather  convincing.   The  United  States 
Public  Health  Service  under  Dr.  Tarzwell's  direction  has  recently  con- 
ducted an  extensive  study  of  the  toxicity  of  various  comolex  cyanides, 
including  an  investigation  of  this  nickel  complex.   Their  findings  have 
shown  that  relatively  high  concentrations  of  about  100  ppm  can  be  toler- 
ated with  no  evident  harm  to  fish,  providing  the  water  is  alkaline,  but 
the  toxicity  threshold  drops  very  rapidly  as  the  pH  decreases.   It  was 
shown  that  if  the  pK  dropped  from  &.0   to  6.5,  the  toxicity  of  this  com- 
plex would  be  increased  a  thousandfold. 

Zinc  and  cyanide  form  a  complex  which  is  almost  completely 
dissociated  in  dilute  solution.   It  would  be  expected  that  fish  would 
succumb  to  either  the  zinc  or  the  cyanide  ion,  depending  upn  which  was 
present  in  lethal  concentrations.   Experimental  work  has  shown  that  a 
synergetlc  action  occurs  when  both  are  present,  and  mortality  occurs  at 
a  level  below  that  found  for  either  cyanide  or  zinc. 

One  other  case  of  a  cyanide  association  which  is  more  toxic 
than  cyanide  by  itself  was  demonstrated  when  effluents  containing  liquor 
from  coal  gas  manufacturers  were  chlorinated.   This  effluent  was  found 
to  be  very  toxic  and  yet  the  fish  were  found  to  survive  in  unchlorinated 
effluent.   It  was  later  demonstrated  that  where  chlorine  was  applied  in 
quantities  insufficient  to  oxidize  the  CK  ion,  cyanogen  chloride  was 
formed  which  was  more  toxic  than  the  cyanide  alone. 

Earlier  in  discussing  the  experiment  on  the  effects  of  cyanld.r. 
on  speckled  trout,  it  was  mentioned  that  the  experiment  was  carried  out 
under  favourable  environmental  conditions.   In  this  case,  a  continuous 
flow  of  water  at  10°C.  was  supplied  which  was  nearly  saturated  with 
oxygen.   In  many  cases,  a  stream  receiving  a  cyanide  pollutant  may  not 
be  such  a  favourable  environment,  and  undoubtedly  the  toxicity  of  the 
waste  will  be  increased  under  these  conditions. 

The  environment  may  influence  toxicity  in  two  ways.  Firstly, 
the  chemical  nature  of  the  water  may  affect  toxicity  in  a  purely  chemi- 
cal fashion,  i.e.  by  increased  dissociation  of  complexes  at  low  pH1 s  or 
by  reducing  the  toxicity  at  least  temporarily  by  the  formation  of  stable 
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complexes  with  pubqtpnnp«  w,,,.iR*  .   _, 

influence  has   been^^/ll T  o     r £\£  aly  ll^n/^  °h3mlCCl 

complex  cyanides.      The   second  way  in  which  the^-- 


is   known  toh i^WtP!TiSt1iBn!.2.tS!!   ^   eff°Ct   °f  the   c^ide>    « 
Undoubtedly,    oyanile  Is  ?ran0por?af b/^fhf VJIhln  the  bod?  cel1^ 
the   actual  death  is    caused  when   th?  fL   I      b^°J   throughout    the   body  and 
This   is   thought  too     a     inJhe     1  essential   function  is   inhibited, 

and  the  metabolic  rate   L  d^ermS  bv  S  *?£      PiJh  are   cold-^ooded 
ment.      Thus   if   the   experiments  i«?  ^»S       f   temperature  of  its   environ- 
10°,    the  metabolic  rate  loull  w*  ^  malntained  at   20°   instead  of 
death  would  have   occurred  faster!  considerably  increased,    and 

tration  in\n1C:atr^  the   oxygen  concen- 

trout   shows   that   the   tiS-to^overton  a^So^n   ln  Englend  0n  ralnbow 
water  is   12  minutes,    whereas  in  IttH  *r*? ®i+QXWl  saturation   in  S°G. 
minutes.  '    *nereaa   ln  w^ter  &0%  saturated  fish  will  live   100 

temperature'aS^e  dLs^lved^e'n'^f  ,l0na!?lp  ,°CCUrs  betwee*  the 
fish,    as  at   high  temperature     nofnni!  ^  P?I  a  double  8tvess   on  the 
the    concentration  0^^%!^^  *• 

laboratoryS:^LVa^  *   important   in 

small  young  fish  are  better  aSe  to  S^^?f  ?e,PeSalt8'      In  S^al, 
though  little  is  know     of  ihe  effect     of  tS?  ^t^t  ?onditi°^>    *1- 
young  fry.      Feeding  has   been  shownlo   °ff^f     mat^ial  to  eggs   or 
are  not   fed  Zk  to  4g  hnu™  W™ \  f  affect  results   and  generally  fish 

health  of  fish  is  aLS  i^r'l'nrasent.SnU?JfCtef  t0   test3'      The  %*™**1 
luted  environment  may  succnmh  2h«I  v, fl_sJ  living  in  an  unfavourable   pol- 
perhaps  have  t*\M«J^ 

other  toxl?L?I?L^t^^c\osfUb1^'^os,sSh^c^e^f  nshes  to  ^^^  °r 

The  literature  contains  a  numbe?  «?  Jlrlth  th&VQ   is  llttle  Information, 
on  several  species,  out  ShHJthodJ  ulel  Ir^nr^n^V" ects  of  ^"1*" 
chemical  composition  of  the  dilut?  n  !,!?/    Iten  not  co™>arable  and  the 
portance,  is'  often  unoubllshed   ^  ,  ft8r  Used'  whlch  is  of  P^^   im- 
hardy  and  others  susSepUbie  to  tcScanfY^0  ^  haVe  been  c°nsidered 
comes  available,  it  is  apparent  thS  S  Jf'.^I  aV:iore  Information  be- 
resistant  to  one  PoisoY^nT^^  t0  b*  ha-dy  -y  be 

national  basis  ••JWVS^ffiS^f^ilTo!^^  0n  * 

The  Pollution  Control  Board  in  their  "Objectives  for  Water 
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Quality  for  the  Province  of  Ontario1',,  have'  inclul G-d  -cyanide a  under  the 
classification  of  "highly  toxic  wastes"  and,  require  that  they- -be  elim- 
inated from  effluents.  At  present  cypnld.es  are  not  determined  easily 
or  with  accuracy  below  about  0.^  pom.   Thus  the  word  "eliminate"  re- 
quires that  they  be  below  the  level  of  analysis.   Ontario  has  not  set 
arbitrary  permissible  limits  on  any  form  of  pollution.   Water,  like  any 
other  natural  resource,  should  be  used  for  the  good  of  all,  but  not 
wasted  with  careless  and  unnecessary  pollution.   If  arbitrary  standards 
were  set  on  the  basis  of  the  preceding  experiments,  a  limit  of  about 
0.02  ppns  would  have  to  be  set  in  the  receiving  water.   This  is  rather 
ridiculous  as  there  is  no  means  of  analysis  which  will  give  a  signifi- 
cant figure  at  this  level.   In  doing  the  cyanide  experiments,  iish  were 
found  to  give  better  accuracy  at  low  concentrations  than  chemical 
enalyses.  No  differentiation  is  made  for  complex  cyanides.   They  heve 
been  shown  to  be  unstable  under  a  number  of  physical  and  environmental 
conditions,  and  at  the  present  state  of  knowledge  must  be  regarded  as  a 
potential  source  of  cyanide. 

If  there  is  any  question  as  to  whether  a  cyanide  waste  with 
all  its  complicated  reactions  can  be  safely  discharged,  a  bio-assay 
should  be  made.   The  information  required  in  any  waste-disposal  problem 
is:  will  this  waste  harm  the  stream,  and  what  is  the  safety  factor  in 
dilution  that  must  be  maintained?  A  bio-assay  will  readily  supply  this 
without  the  necessity  of  a  long  series  of  difficult  analyses  and  a  lit- 
erature search  for  the  interpretation  of  the  results.   The  chemist  will 
take  readily  to  this  job,  as  it  is  a  common  biological  observation  that 
most  chemists  are  really  biologists  at  heart. 
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AIR  POLLUTION  LEGISLATION  IN  GREAT  BRITAIN 

3.  C.  Newbury 
Senior  Research  Fellow,  Ontario  Research  Foundation, 

Toronto,  Ont . 


There  is  little  merit  in  detailing  the  exact  provisions  of 
the  British  Legislation  relating  to  air  pollution  control  without  con- 
sidering the  effectiveness  of  the  laws  in  dealing  with  the  British 
problem.   This  paper,  therefore,  will  deal  with  the  British  approach 
in  a  general  way  and  then  discuss  the  contribution  of  this  approach  to 
the  control  of  pollution  in  Britain. 

First,  it  must  be  appreciated  that  atmospheric  contamination 
is  not  one  problem,  but  a  series  of  problems  varying  from  the  very 
sim/le,  through  to  the  difficult,  and  to  the  near  impossible.   Second, 
it  must  be  realised  that  though  some  problems  are  near  impossibles,  a 
consideration  of  the  problems  involved  in  the  handling  of  radio-active 
materials,  especially  the  handling  of  the  large  quantities  involved  in 
the  manufacture  of  nuclear  bombs,  will  show  that  almost  any  oroblem  can 
be  solved  if  we  are  prepared  to  spend  enough  on  it.   The  degree  of  con- 
trol exercised  depends  almost  entirely  on  economic  considerations. 

Among  the  more  easily  controlled  pollutants  is  smoke,  and 
since  smoke  is  the  traditional  pollutant  of  the  older  civilizations 
which  depend  on  coal  (especially  high  volatile  bituminous  coal)  for 
heat  and  power,  smoke  control  laws  (Smoke  Abatement  laws)  are  by  far 
the  most  common  air  pollution  control  laws.   In  the  U.S.A.,  which  is 
the  only  country  besides  Britain  to  have  made  any  serious  attempt  at 
pollution  control,  most  of  the  laws  refer  exclusively  to  smoke  control. 
This  is  due  partly  to  the  lack  of  technical  knowledge  which  precludes 
the  legal  definition  of  firm  limits  to  allowable  pollution  for  pollut- 
ants other  than  smoke  and  partly  due  to  the  inability  of  the  medium  and 
small  towns  to  finance  the  skilled  staff  and  special  equipment  necessary 
to  effect  complete  control  of  the  pollutants  other  then  dust  and  smoke. 

Herein,  we  feel,  lies  the  weakness  of  the  U.S.  system  with 
its  insistence  on  control  at  the  municipal  rather  than  state  or  federal 
level. 

It  must  be  appreciated  that  the  control  of  all  pollution  in 
One at  Britain  is  covered  by  the  Common  Law  relating  to  nuisance.  All 
the  subsequent  laws  are  merely  devices  to  assist  in  the  interpretation 
of  this  basic  law.   The  word  nuisance  has  a  wide  range  of  meanings  and 
in  order  to  avoid  the  confusion  which  would  exist  due  to  variations  in 
interpretation,  additional  laws  have  been  passed  declaring  that  if 
certain  things  are  done  or  certain  states  exist,  a  statutory  nuisance 
exists  without  the  need  for  anyone  to  prove  the  existence  of  a  nuisance 
within  the  meaning  of  the  Common  Law.   One  of  the  earliest  laws  refer- 
ring to  smoke  pollution  is  the  law  passed  during  the  reign  of  Elizabeth 
I,  prohibiting  the  use  of  coal  within  the  city  of  London  while  Parlia- 
ment was  in  session.   Elizabeth  I  must  have  felt  more  competent  than 
Q,ueen  Eleanor  who  just  about  7^0  years  ago  moved  the  court  from  London 
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he 
„on- 
is  a  widely  accepted  practice,  but  no-one  has  yet  prohibited  dwel- 
ling houses  in  industrial  zones.  At  the  present  time  smoke  emission  is 
controlled  by  lie  Public  Health  Act  of  1936.   It  is  not  necessary  to 
consider  this  Act  in  detail  since  it  has  not  proved  to  be  very  effect- 
ive in  dealing  with  the  smoke  problem  in  Britain  and  it  is  almost  cer- 
tain to  be  superseded  by  new  legislation  at  present  before  Parliament 
which  will  be  known  as  the  Glean  Air  Bill. 

The  Public  Health  Act,  1936,  constitutes  as  statutory  nuis- 
ances any  installation  for  the  combustion  of  fuel  which  is  used  in  any 
manufacturing  or  trade  process  and  which  does  not  so  far  as  practicable 
prevent  the  emission  of  smoke;  and  any  chimney  (except  a  chimney  of  0 
private  house)  emitting  smoke  in  such  quantity  as  to  be  a  nuisance. 
Where  a  notice  is  served  by  a  local  authority  requiring  the  abatement 
of  a  nuisance  is  not  complied  with,  proceedings  may  be  taken  before  a 
court  of  summary  Jurisdiction.   The  court  can  impose  a  fine  of  up  to 
Fifty  Pounds  Sterling  and  may  make  an  order  for  the  abatement,  or  pro- 
hibition of  recurrence,  of  the  nuisance. 

It  is,  however,  a  defence  in  any  proceedings  for  discharging 
sijioke,  otner  than  black  smoke,  to  show  that  the  best"'practicable  means 
for  preventing  the  nuisance  have  been  used.   "Best  oracticable  means" 
refers  both  to  the  provision  and  maintenance  of  adequate  plant  and  to 
the  manner  in  which  the  plant  is  used. 


The  expression  "smoke"  is  defined  in  the  Public  Health  Act 
1936,  as  including  "soot,  ash,  grit  or  gritty  particles". 


The  Acts  contain  a  saving  clause  for  certain  industrial  pro- 
cesses.  The  provisions  of  the  Acts  may  not  be  applied  so  as  to  obstruc 
or  interfere  with  the  working  of  mines  or  with  a  number  of  operations 
in  iron  and  steel  works. 

Under  The  Public  Health  Act,  193b,  local  authorities  may  make 
by-laws,  subject  to  confirmation  by  the  Minister  of  Housing  and  Local 
Government,  regulating  the  emission  of  smoke  of  such  colour,  density, 
or  content,  as  may  be  prescribed  by  the  bye-laws.   Such  bve-laws  do  not 
apply  to  private  houses.   The  bye-laws  usually  make  it  an"  of fence  to 
discharge  black  smoke  for  two  minutes  in  the  aggregate  within  a  contin- 
uous period  of  thirty  minutes.   229  local  authorities  in  England  have 
so  far  made  such  bye-laws,  all  of  them  dealing  only  with  black  smoke. 

The  Public  Health  Act,  1936,  also  constitutes  as  a  statutory 
nuisance  any  dust  or  effluvia  caused  by  any  trade,  business,  manufact- 
ure, or  process  and  which  is  injurious  or  dangerous  to  the  health  of, 
or  a  nuisance  to,  the  inhabitants  of  the  neighbourhood. 

There  is  again  a  "best  practicable  means  of  prevention" 
defence.  (2) 
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The  important  point  to  note  here  id  that  the  above  act  is  to 
be  administered  by  the  local  authority  at  the  municipal  level,  and  that 
it  represents  the  total  responsibility  of  the  local  authority. 

Railway  locomotives  are  required  by  the  Railway  Clauses  Con- 
solidation Act,  13^5,  to  be  constructed  on  the  principle  of  consuming 
their  own  smoke  and  it  is  an  offence  for  any  locomotive  to  fall  to  do 
so.   No  particular  body,  however,  is  charged  with  the  duty  of  enforc- 
ing these  Acts,  and  any  person  or  corporate  body  may  complain  to  the 
courts . 

Motor  vehicles  are  required  by  an  Act  passed  in  19SI  to  be 
constructed,  maintained  and  operated  in  b  manner  to  prevent  the  avoid- 
able emission  of  smoke,  and  failure  to  comply  is  an  offence.   It  Is 
evident  that  the  contribution  of  motor  vehicles  to  Air  Pollution  has 
been  recognised  in  Britain,  but  the  Final  Report  of  the  Beaver  Commit- 
tee (3)  comments  that  the  Committee  were  unable  Co  find  any  evidence 
that  the  police,  who  are  charged  with  enforcement  of  the  law,  have,  in 
fact,  ever  apprehended  offenders. 

Of  special  interest  are  the  powers  given  originally  to  Man- 
chester and  later  extended  to  London  and  other  cities  to  prescribe 
"smokeless  zones";  i.e.,  designated  areas  within  which  it  shall  be  a 
statutory  offence  to  emit  any  kind  of  visible  smoke  (k) .      These  zones 
are  necessarily  residential  and/or  commercial  areas  of  cities,  and  by 
this  means,  private  dwellings  which  contribute  significant  amounts  of 
pollution  ere  brought  under  control.   No  legislation  of  this  type  has 
yet  been  enacted  In  North  America  to  our  knowledge.  At  the  present 
time,  the  British  Parliament  is  considering  a  bill  known  as  the  Clean 
Air  Bill  to  implement  the  recommendations  of  a  Royal  Commission  (3)  set 
up  under  the  chairmanship  of  Sir  Hugh  Beaver  following  the  disastrous 
fog  of  December,  1952  during  which  4000  persons  died  in  London.   This 
bill  requires  local  authorities  to  proceed  as  quickly  as  possible  with 
the  creation  of  smoke-reduction  zones  similar  to  the  smokeless  zone  in 
concept  but  aiming  at  BO%   reduction  in  smoke  instead  of  100$  reduction. 
Industrial  smoke  is  likewise  under  the  control  of  the  local  authority 
and  the  Besver  Report  recommends  that  "dark  smoke",  defined  as  Rengel- 
mann  No.  2  or  greater,  should  be  prohibited  except  for  a  period  not  ex- 
ceeding six  minutes  in  any  four-hour  period  with  waivers  for  lighting 
up  or  mechanical  failure.   There  seems  to  be  no  reason  why  this  smoke- 
less zone  idea  should  not  be  enforced  in  all  new  subdivisions  in  .Crnada 
or  in  a  large  proportion  of  those  built  since  world  war  II.   Detailed 
consideration  of  the  provisions  of  the  Clean  Air  Bill  is  unnecessary 
since  this  bill  is  designed  to  deal  with  conditions  having  no  counter- 
part in  Canada  and  it  la  unlikely  that  similar  legislation  will  ever  be 
required.   Of  greater  Interest  to  Canadian  Industry  is  the  Alkali  Trade* 
Act  which  was  first  passed  in  Britain  nearly  100  years  ago  when  the 
effluent  problem  first  began  to  threaten  England's  "green  and  pleasant 
land" . 

The  salt-cake  process  for  the  production  of  caustic  alkali 
evolved  large  quantities  of  unwanted  gns,  hydrochloric  acid,  which  was 
vented  to  the  atmosphere  to  the  detriment  of  the  surrounding  property 
and  persons.   Up  to  that  time,  the  procedure  In  the  case  of  such  a 
nuisance  had  been  to  prohibit  it,  but  a  Royal  Commission  set  up  to  stud: 
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the  complaints  was  farsighted  enough  to  recognize  that  this  might  be 
the  beginnings  of  a  new  chemical  industry  end  recommended  the  Installa- 
tion of  scrubbers  to  remove  at  least  93!  °f  'Eiie  acic  gas.   They  also 
made  a  series  of  recommendations  which  were  embodied  in  the  first 
Alkali  Act  passed  in  IS63  and,  after  a  trial  oeriod  of  five  years,  the 
Act  was  such  a  success  that  Its  scope  was  extended  to  cover  a  number  0:' 
other  industries. 

The  provisions  of  the  Act  were  summarized  very  well  by  the 
Chief  Inspector  in  a  paper  given  at  the  U.S.  technical  Conference  on 
Air  Pollution  held  in  New  York  in  19^2  (*>),   The  following  excerpt  is 
taken  from  this  paper. 

"Tne  main  principles  are  that: 

1.  No  process  described  in  the  schedule  shall  operate  without 
being  registered. 

2.  A  prior  condition  of  registration  shall  be  that  the  ^orks  is 
furnished  with  the  "best  practicable  means"  for  preventing  the  escape 
of  noxious  or  oit'ensive  gases  or  for  rendering  them  harmless  and  inof- 
fensive . 

3.  A  list  of  noxious  or  offensive  gases  is  given  in  the  Act.   thi f 
list  has  been  extended  from  time  to  time. 

k.      A  scheduled  work  is  required  to  use  the  means  mentioned  in  (2) 
aoove,  continuously  and  to  maintain  it  in  good  and  efficient  order. 

5».   "Best  practicable  means"  is  defined  as  having  reference  not 
only  to  the  provision  and  efficient  maintenance  of  appliances  for  pre- 
venting escapes  of  noxious  or  offensive  gases  but  also  to  the  manner  In 
which  such  appliances  are  used  and  to  the  proper  supervision  by  the 
owners  of  any  operation  in  which  such  gases  are  evolved. 

6.  In  certain  cases  rigid  limits  are  laid  down  for  the  escape  of 
acid  gases,  e.g. , 

Alkali  works.   At  least  9^  psr  cent,  condensation  of  the 
HC1  evolved  and  the  escape  not  to  exceed 
0.2  grain  HC1  per  cu.  ft. 

Sulfuric  acid  (lead  chamber)  works.   The  undiluted  escape 
not  to  exceed  the  equivalent  of  4  grains 
SO,  per  cu.  ft. 

Sulfuric  acid  concentration  works.  The  escape  not  to 
exceed  the  equivalent  of  1.5  grains  SC^ 
per  cu.  ft.  ' 

Muriatic  acid  works.   The  escape  not  to  exceed  0.2  grain 
HCT~per  cu.  ft. 

7.  Registered  works  are  subject  to  inspection  to  ensure  compliant 
with  the  regulations. 

S.   Penalties  are  prescribed  for  infringement  of  the  regulations. 
Except  for  the  four  processes  mentioned  above  no  legal  11ml tr 
of  concentration  for  escaping  gases  have  been  made,  reliance  being 
placed  on  the  phrase  "best  practicable  means".   The  chief  Inspector  has 
therefore  to  decide  what  Is  the  best  practicable  means  in  every  case  an: 
In  doing  so,  he  should  endeavor  to  reconcile  the  natural  desire  of  loc.-. 
residents  to  enjoy  an  uncontaminated  atmosphere  with  the  legitimate  as- 
pirations of  manufacturers." 
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Other  Industry  co-operates  with  the  Inspector  voluntarily  al- 
though under  no  compulsion  to  do  so  except  the  fear  of  a  further  exten- 
sion of  section  (3)  above. 

Under  this  Act,  with  the  exception  of  the  four  acid  gases 
noted,  no  hara  and  fast  limits  are  placed  in  the  quality  of  any  effluent, 
no  time-consuming  legal  processes  are  needed  to  change  the  required 
standards  in  the  light  of  technical  advances  and  no  manufacturer  is 
penalized  by  local  factors  beyond  his  control  which  might  make  it  impos- 
sible for  him  to  reach  the  usual  standards.   Over  the  years,  the  inspec- 
tor has  developed  a  number  of  "presumptive  standards"  which  have  no 
legal  force  but  are  used  solely  as  guides  and  can  be  amended  whenever 
there  is  Justification  for  doing  so. 

This,  then,  represents  briefly  the  status  of  air  oollutlon 
legislation  in  3ritsin  today,  but  before  discussing  the  merits  of  this 
type  of  legislation,  I  would  like  to  consider  not  only  what  air  oollu- 
tlon control  legislation  is  trying  to  do  but  also  what  problems  indus- 
trial management  are  having  to  face  in  order  to  comply  with  these  laws. 
It  must  be  conceded  that  Industry  must  make  some  pollution  and  it  must 
be  recognised  that  unduly  severe  restrictions  quickly  bring  the  lew 
into  disrespect.   Under  totalitarian  rule,  restrictive  laws  can  be  made 
to  work,  but  in  a  democracy  a  large  degree  of  public  support  Is  essen- 
tial if  a  law  is  to  be  effective.   It  is  now  becoming  recognised  in  the 
matter  of  traffic  speed  restrictions  that  the  g§  percentile  speed  repre- 
sents the  minimum  speed  which  can  be  enforced  successfully.   By  the 
same  token,  pollution  control  laws  must  command  a  considerable  amount  of 
support  for  success.   It  must  also  be  conceded  that  industry  is  anxious 
to  avoid  litigation  and  will  spend  large  sums  of  money  to  ensure  free- 
dom from  law  suits.   Unfortunately,  our  present  knowledge  precludes  the 
setting  up  of  rigid  effluent  standards,  compliance  with  which  would  con- 
fer immunity  from  litigation.   It  is,  of  course,  grossly  unfair  to  grant 
an  injunction  against  a  firm  to  cease  to  commit  a  nuisance  without  spec- 
ifying what  lower  level  of  pollution  would  be  considered  satisfactory. 
Even  the  smallest  amount  of  pollution  might  be  held  to  be  a  violation 
of  the  injunction  and  the  plant  is  in  fact  virtually  prevented  from 
operating.   The  British  law  overcomes  this  difficulty  by  making  "nuisance" 
a  statutory  nuisance  for  which  the  "best  possible  means"  of  suppression 
is  an  adequate  defence  and  then  by  creating  an   inspector  to  decide  and 
enforce  the  best  possible  means.   In  this  way,  actions  for  nuisance  are 
rare.   While  this  may  seem  to  bypass  the  courts  of  Justice,  T  believe 
that  the  Alkali  Inspector  is  more  likely  to  make  a  fair  decision  (if  not 
always  the  legally  correct  decision)  than  is  a  judge  unskilled  in  the 
subtleties  of  scientific  measurement  and  investigation,  when  confronted 
by  "experts"  of  differing  opinions  who  are  not  necessarily  sufficiently 
skilled  in  the  cross-examination  technique  of  the  courts  to  convey  ac- 
curately to  the  layman  the  true  Interpretation  of  their  scientific  find- 
ings. 

Scientists  have  been  warned  by  members  of  the  legal  profession 
that  "the  most  thorough  scientist  makes  a  much  weaker  impression  on  a 
Judge  and  jury  than  the  superficial  'expert'  who  states  positively  an 
opinion  without  the  reservations  caused  by  a  more  complete  knowledge  of 
the  subject"  (6)  and  that  the  Court  of  Lew  is  not  the  place  "where  the 
cards  are  laid  on  the  table  in  the  naive  hope  that  the  'right'  conclusio' 


will  be  reached"  (7).   In  an  "open-forum"  discussion,  the  thorough 
scientist  would  probably  quickly  demonstrate  the  effect  of  factors  ig- 
nored by  the  superficial  expert.  Under  the  present  judicial  system/'" 
fear  many  verdicts  are  dependent  more  on  the  personality  of  witnesses 
than  reliability  of  opinion. 

Apart  from  the  purely  local  complaints  of  industrial  pollutio: 
there  is  a  growing  .problem  of  what  may  be  termed  chronic  pollution  as 
opposed  to  the  acute  type  of  pollution,  so  prevalent  in  the  past.   By 
this,  I  mean  the  pollution  problem  typified  at  present  by  the"  Los 
Angeles  Smog  problem  which  is  due  to  the  accumulative  effect  of  a  largo 
metropolis  outgrowing  the  capacity  of  the  local  atmosphere  to  maintain 
a  sufficient  supply  of  fresh  air.   There  are  signs  that  this  type  of 
problem  is  going  to  arise  much  more  frequently  in  the  future.   Undoubt- 
edly, morbidity  and  mortality  records  tend  to  show  that  the  smoklness 
of  our  city  atmospheres  has  an  effect  on  the  health  of  the  inhabitants. 
The  wholesale  change-over  to  oil  and  gas  for  heating,  to  uiesel  and 
gasoline  engines  for  transport,  appears  to  have  substituted  an  invisible 
pollutant  for  the  visible  smoke.   This  build-up  of  pollution  from  innum- 
erable minute  sources  is  much  more  difficult  to  control  than  the  acute 
problem  presented  by  large  chimneys,  end  constant  watch  and  careful 
study  will  be  needed  to  Drevent  the  growth  of  a  strong  public  opinion 
which  has  res-ulted  elsewhere  in  political  expediency  over-riding  tech- 
nical caution  and  giving  rise  to  hurried  and  Ineffective  legislation. 

Without  proper  assessment  of  the  causes  of  the  smog,  restric- 
tive laws,  patterned  after  the  accepted  smoke  abatement  laws',  have  been 
passed  and  rigorously  enforced.  These  laws  have  done  little  to  improve 
the  smog  condition  while  prejudicing  co-operation  by  industry  whose 
skill  and  knowledge  are  of  the  greatest  value.  From  the  purely  techni- 
cal point  of  view,  it  would  be  preferable  to  secure  the  co-operation  of 
industry  to  make  a  careful  technical  study  of  the  area  prior" to  setting 
up  legislation  and  our  work  at  Sarnie  shows  that  this  can  be  done  if  a"' 
start  is  made  sufficiently  early  before  conditions  have  deteriorated  to 
the  point  where  the  public  demand  immediate  action. 

Air  pollution  legislation  is  a  very  complex  problem.   It  is 
made  no  easier  by  the  fact  that  almost  every  air  pollution  problem  is 
different  and  needs  individual  treatment.   Legislation  therefore  needs 
to  be  flexible  to  meet  the  innumerable  conditions  existing  throughout 
the  country.   This  could  be  achieved  by  permissive  legislation  granting 
local  authorities  wide  discretionary  powers,  but  experience  has  shown 
that  local  authorities  are  not  competent  to  exercise  discretion,  neithe: 
do  they  have  the  financial  resources  to  attract  the  necessary  skilled 
staff  to  handle  their  problems  successfully.   The  record  of  Great 
Britain  in  the  control  of  pollutants  other  than  smoke  and  the  absence 
of  long  and  costly  lawsuits  during  nearly  100  years  of  operation  under 
the  Alkali  Trades  Act  suggests  that  this  is  one  field  where  the  expert 
knows  best  -  and  "do-it-yourself"  kits  are  not  to  be  recommended. 
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